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CHAPTER | 


a) From Eq. (1-13) we have: v=5.93xI0 payee 5.93x10° (1000)% 
= 1.83 x10" m/sec <j. 
ba 2 2 
b) From &q. (I-10), eVedm(ik-Us,) o yout + Z2V 


1.610? x 10? 


19 
nl Sin Md Pn = 10.6%) 
2.01% 1.66X%10~ cit 


or v3 = (10%)* + 2 


or UF 3.26XxI0” m/sec <—— 


2 
a) x= lat or t2( 2x ii 2x \4 2x190% Y, - 
awe =|—— |} = 2 =(2h0 =", LOGS KIO” <+— 
Ay (Z¢,) I16x10 10° ) Pe eas 
2 " 3 ie 
b) k= FE, = bTexro"« IO sin37Tt = 1.16 x10 sin377E 
Ts 


t t n : 
Ux= Ja,dt = 4.67107 (|~- c0s377t) ; x=f VU, AE = 1.24x10 (Q- sin®) ; O=377t 
(7) t-) 


3 5 
with x=0.01m, 941, hence x='.24KI0 on e-2, aah -)] 
or 0.01= 2.07x10'° OD (1— B+...) ~ 207K10 BF 
Then O=7.85x10> zo” 


and Lae: = 7.85x19> = 208x109! sec <f-——- 
371 377 
a) |v =16x10'? J. Hence, the initial energy of the electron is 


10 */1.6x1o"? = 625 eV. Since the retarding potential is 400V, 
the electron reaches the second electrode with an energy of 
625-400 = 225 eV oe! 

b) 625 V en es 


t 
a) a=- “(al S) sinwt , V=Vo+f adt =u+ 2. oe (eosuot —1) 


= Sudt = (Vo-~ & Ve \t + $, Ve, sinut <j 
b) For V=O, coswt = | — sees, ez oa = Vor (\—cos*ut )2 
or E= Vm ve) Ets sumed ~ (eemeey \* s (vemV,. Ns (2 ©. LagLeNie 
2A e ve 


—) az €& = (1.76x10")(10’t/3x1 9%) = Toh. ™/sec2 
t 
U= fadt = 2.93x10 "+? and x=f vudt = 9.77x10'® $3 
when xe 2.4 K1O°: t=t, =(23xI10 ?/a.71K10'8 ) = 1.42x10! sec 


=107b, = 1.42 V pais 


b) At reversal time, t1, U,= (2.93x10'9) (1.42xK10 7)? = 5.8gxI0” m/sec. The 
acceleration after reversal is o = 2& . 


= (\-76xI10!!) (22 52) = Z.93KI0 4 "hed 
If t, is the time after reversal oe 


x= 0.02% +U,t, -tLa,t, = 0.023 4+5.8gx1I0r te —1.4e5x107 LF | Tf the electron 
hits the top plate, x=0.03 and solving for t2 we find an imagina- 
ry value. Hence, the electron does nat hit the top plate. 


c) At the boltom plate x=0. Solving the quadratic for iv we find 
b= 1.6x1o8 sec. Hence , the total time ey Slight is +44, 


=(|.42-4 0:1) stole 1 See1O° sec << 
be c 
d) U.=Vj-aat, = 5.8¢xK10%- (2.93KI0'%) (LEXIS *) = —4.09KI0" M/sec. <t— 
enemy 2p + 50V 
2x10? x10! Ay 
& 16x10 %xz.5sxi0°t 34 Paiginy 2em 
i ome Fp esnicaian ave anew eo se tet 
a ae p= Sema i 
Vy = J aydt = |,.2)1 x10 i ™/sec . y= fv, dt as O.4x1i0*43 4, 
t-) 


Emo = {.6xI0'?xJ00 = $ (1. 65x10747) ux, or = Voy=! 39x10" m/sec 


De te SS aics = 3.59xIG7 sec the ion leaves the plates. At t= 10’ sec 


Y,= 0.4x10 %(107)3 = 4x10 * m. Bibi Io! to 359x107 sec » Y= constant = 


L21x1o% (\o7)\* = L.21x107 m/sec and the daAistance covered is 
Y= |-21K10% (2.59x107) = 3.14x10° m_ Total distance is Y+t¥,= (0,.443.14)10°=0354em 


I-7) o y= £& /€& © 1.J6x10' x5 x10? = 88x10! m/sec? ; Us=5.93XIO V2 = 5.93x10° M/sec | 


6_: © 
Vox = 5.93X10" Cos 30° = 5.13 KI10° misec ; Voy = 5-93 KIO Sin30° = 2.91K10 ™ /sec 


Kaeo or t= (3x! 577s. 13x10") < 5.84 x10? sec <q 
b) d= el ee ee. (5.84107) +4 (8.3 x10 34) (5.94%10 7) 
= 1.135x104 41.50xI0% = 3.24 em ee 
Ci = cas cicaeec tis aeoue ae 
(1) A= Voyt-Layt*® = 1.735-1.50 = 0.24 em <p i 
The y- component of velocity aot H is nN 
Us= Vey -aigt = = 2.91 x10® Seah ECU Sea xe ) 


=2.97xI0°~ 5.13 x10© = -2.16 «10° m/sec 


Hence, the Pol Mismeaisthinc eatie sbove. 


Vakxs 


mv? =-eV= ekxs = am (ao ye 


or (Ze ax oer cx or Beka (: if = ie dx 
(Zek) 24 =e 3x4 i ‘ or t= 30% 
Fre ae [eZse)\e + 
™~ 


2 


«&» A) V=5.93x1IF V% or V= ( 3x108 \2 


= 00 
5.93 X108 ZSpHO M 
b) From Ea. (I-30), veel, _!..._ 4% 
7 meat | 
For Uyec . vec)ji—-—u TV _ cuain pe ee 1.25 \'2 
ry 2 ) (iy ] =cll 225) e ( 


2.25 

= 0.745x3x108 = 2.24 x10% m/sec a 
“A 2 2 ; m — eV 
From Eq. (\-26), eV= me a meC ekg fina iaecs it + \ 
_ m _ 1.716xIo x2x10 = 39 to 2 
For electrons + WM. isxresyae +1 23.92 +1 = 4.9 — 
For deuterons: m = Lexiolxzvic® gy = 1.071074] = 1-00) rae 
Mo  1.66K157!x 2.01% (3x108)? 


Q-11) {. rsd a a.{ Mo . 


= ; | ea mMeV_ _ cEt since v=o at t=0 
dat joe oe [ 2 - 
ie gt 3 h ; ef dy fsa tht os Si 
gras Hehe aese oy wre yaett ay a 


ro | 
iA az 
G+aeey* 


xefodt = afePty, . Let a= SE, then da= 2atb dt 


— cz 
Cc 
_ Xe act | de = (4a) 4 const. 

Zaz (14x) a % 

c 

When 429, K=O and x=0 do. const. ghana 

| an. art? \% a fae 
Hence, X= = [a+ a -1] where = 4 


2. 
al From qi (-24)), 5 = 2k. = 127#9.4x18 


ee 


= ——______ = = 0.6 <}-——_ 
2dVa 2x0.415x400 pen h 


than the experimental value of 0.39 mm/v 
becouse the theory in Sec. 1-2 neglects fringing at the edge of the plates. 
b) 30V will produce a deflection of (30)(0.29)=2.67em 


This value is smaller 


k- 23.9 em —>| 
From the sketch K*- (23.9)*+ (R-2.67)2 or R= 103 em yest 
Eq: (I-13) Qives : V= 5.93%10% Vv" =5.93x10°(400)*= 1.1910" m/sec ; 
From Eq. (I-39), B= = J19¥I07 | =5 (R-2.67 
; mi Biekiesloa © ZERO pelletin ‘ 
= 0.622 geouss gq 
F (47), B= DVNe Z.614400 ; 
¢) From Eq. , B= Cs SS 7.30%19 * why 2= 1.3 gauss <— 
{<= 1-27X19.4xK10" J1-76xr0"" a 
a 
A 
C-13) From the sketch, R@= (15)* + (R-3)? none sreen 


or R= 39 om 


Eq. (I-13) gives: Usy= 5-93X10° (2000)2=2.65x10) m/sec 
From Eq. (1-39) , B= Vox _ 2.65X107 


= 


—_————— 
= =< 0-39x 1.76 xI0!! 


= 3.84 x10 *Wh/ = 3.24 geouss <+— 


3 


a) the theory in Sec.1-15 on magnetic focusing 
is applicable with the center of the plates 


x 
considered as a virtual cathode. From Eq. (-49) | Preemie yo 
4 $1? Va Sn? x 1000 =S \ “ 
Bt= SSO = HS ,,, = 1.08510 O000V 
7 Sn (0.2)* = |-T16XI0 


B = 33 xia * Wh/,t = 33 gauss ot reser 


b) the electronic path is a helix of constant pitch. 


the time to travel down the tube is independent 
of B ond hence is the same as in part (a). the 
period of the circular motion varies inversely 
as B avd hence is twice that in part @). Thus 
each electron travels one half a revolution om tts 
way down the tube. the path of the electrons A and 
A’ at the two ends of the Original 4 em line is indicated in the sketch. 
Since each electron moves Srrough an angle of 90% then the yesultant 
deflection is a straight line perpendicular to the original line foy B=0. 
the length of the line is 4R where from Eq. (I-45) Re MYev where 


Voy iS the maximum perpendicular velocity. Since this velocity causes 
a Z2em deflection (with Bo), then Ves 
4x |.88x10° 2 Ba Xio- 2.58 v5 
= — : We 3 
.TEXID 16.5 x10* fs 


line Sor B=16.5 gauss 


= 
= 


za y 4 
= Vow = 5235 (ooo yY = |.3gxI0 hee 


(i-15) a) From the sketch , x= ZReos30" =V3R. From Eq, (+13) 
Ve= 5.93X10° (loo) = 5.93%10° m/sec . From Eq. (1-39) 


Vv 6 
Ricwe = 4 5:93.X10 ee 
es 1.16X10 x5 x16 2 ee 
. X=V3BR = 1.73x0.675 = 1.16 em >» 2=0 


b) The speed is constant along the circular path. 
Ux= — Us Cos 60° = ~(5.93KI0%) (0.5) = -2.97%10° m/sec 


’ 


Uy = ~ Vo SinG0? = ~ (5.93 X10%) (0,866) = -5.14 10% m/sec 
Vz= O 


<t 


the path is a helix of constant pitch. the circular path is normal to B. 


The period is independent of the velocity and is the same for both. 
From €q. (I-42), T= 357x190" _ 37x06" 


a 1.78519 ® sec, From Ea. (I-13), 
2xXI9 
Vo= 5.93x10> (50)% = 4.2x10° ™ /sec 


a) The compomernts along B are: V,= Vo, coslo” = (U.) (0.9348) 
Uz = Vor COS2Z0° =(U,\ (0.9397) | V,-U, = (Vo) (0.9848— 0.9397) = (V~) (0.0451) 
d= distance apart = (U,-v,)T = (0.0451) (4.210%) (1.785 xio*s 2 0.338xI0 Mm 
= 0.33% 
b) In two revolutions the isto, ae 


q—— 
nce is doubled for each and 50 is 
the difference ie. d= 0.676 cm ek 


4 


GD) The path is a helix of constant pitch. 


Y 
VU, = Vox = 10" C0830" = B.66X10° m/sec. the time to ii 
go from P to Q is O01 = 1.15x10? sec a 
B.66KI0& 

this must equal an integra| multi ple nN of P Q 
the period T. From Eq. (I-42) k—olm—>| * 

mT = 357x18"N 2 1.15152 
OES «One Di xiSt MLA SSI mW bie org 

LISxia 3 

Vox =Us5 Cos 30° = $.66XK10° ™/sec B t Y 
Voy = Uo Sin 30" = 5.00%10° m/sec vu 
‘Oo 

the path is a helix of constant pitch. the 
distance along Gels Y = Voyt =(5x10°)(5x19 7) 4 
= 0.025 m = 2.5 em <j—— 


The path in the XZ plane is a circle as 


shown. The angular velocity is Srom Eq. 
I~40 
Oia ye <8 = (1-76x10") (5.1x153) = B.96xIF rad/sec 


amd Q = wt =($96x10%) (5x197) = 4.4% rad =257° 
R= Vox = B.bex10° = 0.966167 m = 9966 em 
w $-96X108% 


X= - 0.966 Cos|3° = ~ 0-94 em , Z=-— 0.966(1+S5in13°) = —1.18 em <—— 


a) Straight line with constant acceleration. 


<p-——— 
b) Straight line with constant velocity. — 
ce) Cyeloidal helix with constant pitch. ae 
d) Circular helix with constant pitch. a= 


-2 = : E 
a) V=5.93xI0° (1000) = 1.87xI10" m/sec; += 2 _ 2419 _joxid’sec is the time 


U ~ igixo! 
the electron is in the region between Fe sates: If the frequency is 
§, then the time for one half a cycle is 2 


-9 \ 109 of s 
Jw. |LOTKIO —< 2F or ne , See 4.67x10° Hz <q— 
b) If f=6OHz , then one cycle is Ze Bec 


; ta = 60t = (60)(I.07xIS9) = 642x102 
Yoo 


(i-21) Uy = Vox = 5.93x10> (200)'% = 3.38x10° m/sec . the time 
the electron is between the plates is 


-2 
pe ST NION ee KS? sec 
Z.3Bx10e F 
ay = 2Vd _ (76x10 Mo0sinZmx10%+) _ 2 22x10 sinzttxiot 
| 0.475xio2 m/sec* 


+ 
(Cont’d) vy={ Aydt = 3.53x10% (|-Cos2mxl0*t) m/sec (Since Voy= 0) 
y= Uyat = 3.53x10°t —5.63x16 sinzTlo®t m ; at t=t, , yry, 
W= 3.53 X10" x1. 515X105 7- 5.63 x10 %sin (21 x10%x1-51Sx107) = 5.35x10— 4.5% X10 = 0.011 cm 


The velocity components with which the electron leaves the plates 
SYS Us = Vox and Voy = 3-53 x10° [1 — cos (2m «108 x1.515x15 7] = 1.415 410° m/sec 
After leaving the plates the velocity is constant because the field is 
zero. The distance +o the screen is 19.4-4(1.27) = 186.8 em =O01jNS% ™ 
the time t2 to reach the screen is 4, = 138 


$.SBHIOe 
™ = 3,31 ecm 


= 2.24x10" sec. 
SiS Vy be = 1.475 XOPX 2.24 x10 = 331x107 


As a check : tanQ= Ui = 1-475x10* EONS 
Vx) %.3% 108 
Yo= 0.1SStan 8 = 0.168 xOAT6E = 33x10 “Mm as cctaineda above. 
The total deflection is D=Y,4U. = 0.0174+3.31 = 3.39 em. st 


If the certer of the ylates eo issu mecnite be <u vince cathode , 
then Y= 19.4 tan®O = 19.4x%0.)T6 = 3.42 em which is approximately correct. 


(1-22) (Refer to the sketch in prob. \-21) 
Uy = B.3BX10° mi/cec : b, = 1.515 x167 sec Srom ‘prob, 1-2) 


=.2Va = 17exic! 40P% = 1 ag Re 2442 i 
a, mada 0.475x190% agxid*t m/sec” ; Vy= J aydt =074x10 t ) (Vago) 


Y= 0.247K1S tL? 5 y, = 0.247 x10 (1.515159)? = 8.6x15 4 Mm = 0.086 Em 

The velocity cormnponents with which the electron \eaves the. plates 
ave + Vy=Vox And VW, = 0.74x107% (515x156 9)* = LT X1O° M/sec. 

After leaving the plates the velocity remains constant because the 
field is tero. The Aistance to the screen is 19.4-4 (1-27) = 13.8 ew. 


The time t, to reach the screen is t,: O'38 = 224x106 sec 


ra a $.SBXI10° 
Ya= Vyte = \.7x10 XL.Z4KIO > = 3.SIXID Ww = 3.6) cw. 


the total deflection is D=y,+y, = 0.04643-81= 3-9 Um Fi 
Asa check on Yr _ tan§ = a Ya 17x10 = 0.203 
Ver $.34xK10° 


Yo= 0.188 tand = 0.186 x0.203 = 3.831 em as above. | 
If the center of the plates had been assumed +o be A Virluc\ 


cathode, then Y= 19.4tan® = 19.4% 0.203 =3.94 em which is apyroximotely 
correct . 


(-23) a) Assume Esin(wt+0) ts the electric field acting 
on the electron. Each electron enters ot t=0 
but for different values of 9. the angle 8 
diving the maximum deflection isto be found 


later. a, < Ay. 2S sin(ut+e) 
y — a rj ee 
At ™ 


Y 


| (33) (Cont'd) v= S ef = [cos8- cos(wt+0)]  sinee when t=0, y= 0 
Assume that uss center of the plates is a virtual Selnas SO ue 


A= L Se where VUygr = = Uy Lor 4=t& =i , the transit time. 
| AS te - Leos cos(wt+®)] 


A 
To find Pr we aifferentiate with respect to Q@ and sel 


Thus, —sin9 + sin(wt+ 8) =0 or sinO= sin(et+8) 


. sense. since ~he 
“ Oem (wwt+O) or I le . This makes A 


electron will be between the plates during 
he time when the ia is greatest , namely 


Syom Q= I -SF to O= e+e (since the transit. 
angle is ee 


A= 2th | cos (E- —eF) - cos( +wt)\= 2f ee «(2 sin wt) 
mW Vo 


Ie raT , then the electric Lield may be See constant and 
equal to & 3 VUygr= ett 


—— aud As= Ve = seek _ the Same result. 
“™ Ue 
may be bocwes by letting w-0 wm the expression for A 
4 falas” Z2eEL WT Sin 
‘Ak cna eaecs wh sine PeeAr Ao ce ee a 
™MVo 
b) Let es we 


. Then ease =09 ; For small « 


3 
ae eae 8 o 
; Sint = a +... 
grey: 


\- ae = 09 or O& = 0.6 .OmMd = 0.774 vad = 44,3° 
We use this as a first approximation for & in sinew. Thus 
= Sin® _ sin443° = 0.77% rad. This is close enough 
0.9 0.9 ~2 
ike) 
Now Ts and VU. = 5-A3KI0> (1000) % = 1.8S x10" IO SeC, So c= Ao =93K10" 
0.778 
SG. 7 = : a ger Ta aes i 
a= WE =anft = 0.778 or § eee eA OT Mie 


From sketch we have: D=L tang 
where @= sin'£ 


: cl 
) tang = Sm@ : sing= £ a D 
Cos@ R arte 
canine = piper tome, 
R= ee ; Be b= AL . ; he | 
| Rhine | + +— L —__+ 
Consider VRep2 = «(See gr)4 . 3! sh (i UL etB eye 
Fro (i-! ! 
Ne a Bee = Zea =e - =Q? = ob = (ZemVa — 2° BQ") )2=2|2 mv.- eu? 
Hence, De= ULB a) Ba 
P2mva— (Bye ZmVa eB? = WB / Da-= (ei — 
e 


From '€q. I-49), B=KVaon 3 B= (409) (2.5) = 1.67 mMWbfy2 = <+-—— 
Since. As proportional ko n, then the next higher yalue its 
B= 2x1.67 = 3.34 mWhb/y2 ae as 


At the certer of the solenoid B=N.N1c0s9 Wh/m2 


where Ne=turnsfj, and No= Am x10! Way, 


Be 4nxid’x 24x aa 2 ==) IL = 1.135x10° Wh fn? 
zZo*+ 


From En. (I-49) is 8M7Von oy eee BVa\2 TN = 143m 
\? B2 1.13SX10 “elm Bi vans 


For n=1,2 ond 3, T= 1-43, 236 and 429A ~—— 
For ne4 , T=5.72A which exceeds the rating of the solenoid . 


(-27) ao) x=RsinO , 2=R(1-c0s0) 
On the ae y=elL and the time to reach the 


x 
screen is t=t .- Q=wt where from Eq. (\- 40) Mes 
Seton cee eee Lr 
™ Usy 
From Eq. (1-39) a MVox — VUoxL 
' ae CS Voy is 
Ces Tex Dhnm% and z= Voxk (|- cose) QED SOT SGE 
oy neyo 
TV 
b) If xs Doe ond @’= Tey 2 then w=Tsing and =€/= B(1- cosa) 
Tee ae ) Oo Oo 
z’ A 
2 
=i fe) j 2 3 «CX? 


=) From Eq. (1-13) Us= 5.93K10° (3009 = 1.027%10" m/sec 
Vox = 1.027 X10” cos 60° = 0.51\4x107 m/sec 
Voy = 1-027X107 cos 30° = 0.89 X10" m/sec 
a = 2E& 
re mo ; 
Y= Voyt+$oayt™ 53 4.4x10%474 osqxin’t —0.016 =0 
Solving we Sind t=1.68%167 sec . From €q. (1-39) 


Vox 0.514x107 B -3 ” 

of Se Pet = 2.435 cm. From Ea. (\- 40 w= SE = 1.2%167x1.76%10 
BYm — 1.2%107x1.76x10" qa ™ 

Or w= Z.)1x10% radfec , Q= wt = 2.1xI0*x1.68%I07= 0.354 rad =20.3° 

X= RsinO = 2-435 sin20. 3° = 0.645 em , Z=R(\- 6089) = 2.435 (l- 05 20.37) = 0.1153 Cm 

y=lG em << 


= 1.76 x10" x5 xI10° oS) @x10'* ™ [sec? 


(Cont’d) 


b) Ux= YoxCos§ = (0.514x107) c0820.3° = 4.81x10° m/sec 


qe 
Uy = ey = ase 683X157) + 0.89X107 = (1.4948.9)x10°= 10.4x10 m/sec I— 
Vz = Vox SinQ = (0-514-x10'sin20.3° = 1.79K10° m/sec 


<---—-. 
ec) If €& is revetaeshs ay is negative and y=vat+ sigh? becomes 
-4.4xIOTt" 4+ 0894-o0.01g=0. Solving Sov £ we Sind k=-2x107 sec 
and t=18.1xId7 sec. 


The smaller value of time must be used since at this instant 
the plate is exposed. If the plate were obsent then the electron 
would continue wp the Y-axis, reverse and return bo y=\.oem al 
the end of i¢1xio7 se. 


Qa wt = (2-xi0®)(2x169) = 0.422 rad = 24.2° 
X= RsinOd = 2-435 3in24.2° = 0.99% cm 
z= R(i- Cos O)= 2.435 (\- 00824.29) = 0.216 em, Y= 1-6 Cm t—— 
U,= Vox (089 = 0.514 X10 C05 24.2% = 4.68 X10" m/sec <$-—— 
Uy= Ayt + Voy = 3% 410'%) (2x1567) + &.9 +108 = F\AKIO Mises +— 
Uz = Vox sin® = O.514xK10 sin24.2° = 21107 ™/sec 


<p 


og lll Bone 
iy 
a) d=05em , YW=200V , B=0.) WhAy2 , Vox = 410° ™/sec 
the path is a helix of varying pitch. iz | 
vue GEL =< 1.76xI0"« 222 £ = 7.04x10'Ft a 
be ™ 5x10 2 ox B x 
y= 3.5zx10>t* ; The time to reach the positive 
3 
plate is t=(2S%127 \% (71x15?) = 8.43x10"~ sec ¢ 
eS 3.52x10'5 ‘ 
w= =< = (1.76 x10") (0.01) = 1.76K10 rad /sec 
Q= wt = (1.76x107)(8.43KI0 9) = 1-484 rad = 35° a , 
R= Vor = 4x10% = 2.271KIO%™m = 0-227 cm 
bo 1.76 x109 
X= Rsin® = (0.227) sin85° = 0-226 cm ss eee * 
Z = R(\~c0s0) = (0.227) (I- cos 5°) = 0.207 SM 
b) Ux = dx = 


6 
ma wReoswt = Voxc0s0 = (4x10°) (0-087) = 0-348 KIO m/sec 


<p-——— 
6 
Ve = St = wReinut = Vox sin? = (4x10°) (0-996) = SIBXI0° m/sec ¢— 
A . 
Vy = (7.04 x10!) (B-43XKI0 -) = 594X100 m/sec <— 


If Tis the period then the distance covered in the first revolution 
is Y=tayT* and in the first two revolutions is Yo = $y (ZT). 
Hence the distance travelled during the second revolution ts 
YJo-Yr= 2 ayT*. ee Eq. (\~42) Te oe = 
aAu= et _ 16x10 Kot 
acs 1.67K10 27 


-27T sy 
2TXI-GTXIO” =_¢E53xKI0 sec 
1L.6X1I0 Ix Osl 


= 9.64X%10 M/sec® 


Y2.-4¥,= 2 (9.64 X10") (6.53x190')* = 0.618 = O18 Cm ao 


: aise 
G-3)) Uy= Voy— Ayt 3 If v=o oat t=T, then T= aR . From Eg. (1-13) we have 
Vo = 5-93K10> (Z00)2 = 1.025 X10! m/sec ; 


Vey = VeC0sb0" = 5.13 X10" m/sec 
Ay = st = 1.76x10" x104 = |.76xI10'5 ™ /Sec? ; Te 513X108 


SNSKIO’ =~ 2.92 x10 sec 
3.57x19!! ~2 Bu SgON 
Fron kd: (aan ea aes eee Nee. Va 
(-32) Y=Voyt-Layt ; When YEO, t= Sees . If the electron is VIE 
to return to the Origin, then + ancl bea multi ple of ai! Vo 
the period T or t=nT. From Eq. (\-41), T= is j 
2ZVoy = 2T mn —_ ZV Cos! oY ALL Voetos@ 2 


or nTe = BU. Cos@ where n is On integer 


2) The path is a helix of varying pitch. From Eqs. (\-12) 3(I-13) 
Vo=5.93K10°(V me) = 5.93%10° ( 82% = \.7X10" m/sec 
From . 1-39) Re MV] 1.67x1027x1.7x105 _ -2 

aa eB 1.6xto Fy 3x10% meee Ls 

In order to find when the ion 


strikes the plate we 
must first find 8 because = 


wt. From the sketch 
3° 0.352 and 9=53.4° 


=< = 

Le. (ONO 09 = 5B. 4°, 5.B8KI0 = 35210 sec << 

W Ue/R 57.3 1.7xI0? 
L) From +he sketch : (5.8¢-Z)° +57 = (648) or ze 3. em 

= e& _ 16X10 *x2x104% _ 12 

Spe Reems oe CeiMic Tee whos heh eS 

z 

= ZSyt = £:.93x10'7) (3.52%107)* = 0.119. m = 1.9 em 


> x=Stm <— 
¢) Plate perpendicular to Y-axis: 


zZ Y, 2 Yat ayt? é | 
=(,)* = GSae) = = I ee at o 
+ er (2x5x10" )'e = 2.21x15' sec; Q= wt = ep = eee = 0.657 Yad =37.7° 

x= RsinQ = 5.86 sin37.7°= 3.6 em 3 @= RQ-Cos®) = 5.3 (\-c0s37.7°) = 1.23 em Soc 
d) Plat 

) € perpendicular to Z-axis; Z=5=5.89(\-cosQ) | 9=8I.4°= 1.42 rad 

to 2. OR ~ 142x6. BBS? 4 91.157 | 

ein Vo l.7x105 = 41X10" sec 


~tat? - “ 
WEZAL = 5 1.43 x10!2) (4.91x157)? = 0.232 mM=23.2 tm; x= RsinO=5.32em, 2=S5em 


I-34) a) The path is aA common cucloid ; 
| yeloid in the KE 
es BS aK eG plane. 


From Eq. (\-53) : w= ee. .76X10'%1.68xI0 = 2.96xI0 rad /sec 


4 
Uz £2 J0¢ = S. 6 
B ieexiet 7 PtO ™/sec 
From Eq. (I-58): Qo uU ~ 5.95K10% _ BeOl ee 
From uke ities) Pe SIG Cian oe 
om eq. ake ee aa eee -. B= 60° : 
we ~Sin®) = 2.01(E-0.966)= O36 em qe 
- 3 ? re 
b) Q=Fewt :. te G3 «158 =3.54x1IS7 sec. <}— 
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(-35) ay From the sketch we see that 2Q=0.5 tm or Q<0.25=4 


Y 
+ 8B We lem 
and from Eq. (1-53) ue Sel, we SB eitexio'B 
z oe 6 B ™ 

BO 2° © Trexie"B? OF: B= ATIxIS” Whfy? = 47.7 gauss ¢— 5, 

In order for the initial force to be along -X, the magnetic 

field must be out of the plane of the paper. 

b) From Eq. (I-56), Vxe=Usinwt , yz<U-ucoswt ; when U,=0 : 
Vzg=O (cusp) or VUz=2uU (at x=Z2Q) 
- Vert 2uUu = 2x10* = Zhou = 4.2KIO Mcee <-——— 
B A-TTKI0? U, 
a) a arn isa eycloid in the X¥-2 plane as shown ¥ , Photographic 
wiry sonstant velocity cilong Y. From Eq. (I-12) | plake 
Wn = (2Ev\% = (2 1.6X10 % 10% Al Ss 
Bey be7 Rigs),20 oe WRIXI 90 misec 
Saesene = 1.01xiS* sec . From Eq. (1-53) 
we SB = Lexio'7x0.05 _ 4e2x10° rad/sec , us £ = SHIP =10" 
™ 1.67%10727 fe = 
= ~Ma= 19 = 2.071 ¢ 
From €q, (I-58), Q W  4282K10° Me 
Qewt = 4.82 x10°x |.o1x1d® = 4.87 rad = 279° 
X= Q(l~cosQ) = 2-07 (\—¢0s279°) = 1.75 em {== 
Eq. (I-59) 


Z = Q(0-sin®) = 2.07 (4 .¢7-sin279°) = 12.1 ¢m 


pe 
y=l4em <-— 


-K% rs 
b) 2Q= 2(2.07)=4.14 em and since the plate is at \4 em, the ion does 
not strike. 


©) The distance along the -2 oxis per cycle is 2nQ=13 em. Hence the 


-Z distance in the second eycle is 14-135 \¢m and the angle QO. tu 
the second cycle is given by 


| = 2.07(0'-sin®) or Q/=35°. 
Hence x= Q((—cosQ’) = 2.07(|— ¢0385°) = |.9 em —— 
t= Va = 35° 

WwW 


STE? Aa2xioe B.05xI0"’ sec in She second eycle. the time for one 
eyele =T= 2m = mew 2 IsxI0’ sec. Total me before hitting plate is 
B2x1 : 
t=t2+T = 1605x106’ See ; YEVoyt = 1.39XIO°x1G.05KIO = Z25Hem gq — 
. Z=I14 cm 
Im order for the net force to be zero et=Bev 


or ye = 


= ern ssa Ses 
=e From eq. (\ 53), ™ RE ~ See where is . 
R is the radius of the circular path and is found ae 
Rot.. theik svat gion, RE EEwernin kes Dp 
2D 


From Eq. (I-56), Vx=Using, Use U-ucos® 5 VE VL 4V, = U'sin'O4uU- 2U*cosB4+urcoFO 
or Vt= Ut (sint?O+cos?9) +uU*—- ZuU'cos8 = ZU? (\ — Cos8) = 4u* sin? S 
- V= ZuUusn% QED <P he t 
vs ge where s is the distance along the path. -. s=Judt = zuj sink dt 
+t 
or s=- 445 cost |” = 4Q(\- cos $ ) where a= 4 . QED +— 


\\ 


Eqs. (\-54) : Ws = WU-WV , ay . : 
i = i Ux = - wh sinwit + wl cosus 
dt at =-WVUx  -- Ux = Acoswt + C sinwt ee 


s = wl 
i Ax eal en 
5 te Ve Uo, cosust + (U-Voz)Sinwt = Siete Integrating , 
— VU-Vozg 
X= ees sinust — (U=Vo#) cosust + 7D ; @t=0,x%=o oo D= ——= 
ow 


- yo Ye sinwt + (ee ) (\- cosust) QED <-— 
ae a aS 


=e eis Y = Vsyt — 

a ‘ —~ (U-Voer) Coswt + E 

Ez WUx = WVox cosust + w(U-Vor) sinwt 5 Uz Vox sinust — WA“Ver 
dt 


@ ine ae 
= . ae * te —(\ -_ oz )c = 
420, UgeVozy = —UtV0x +E or E=U , Vez Vox Sinw w-V osu + U=S= 


dt 
— Vox 
z= — Vox cosust — (Ue eVainwt urs FO t=O), ea Ole? Se 
Uo 
Pe Vox (\— cosust) — (Y—Ne9) sinwt +t QED ——— 
WwW 


a) In order to remain in the YZ plane, the force in the 


X-Aivrection must equal tero: §,=-et-Bevoz = 0 
or Voz= vi aS <- 


b) The only component of force present is §ye+ety. 
Hence, Uz=Voz= constant; yet & 


2 Fatyt ,e=- Set aa 
e) The path ise parabola : wedge Ss 


MUS. 


Cx=Esing , Ey=-Ecosg . Due to B and Ex, the motton is 


a common eycloid 


in the XZ plane as given by Eq. (1-59). a 


B | 
path might be called a eycloidal helix a ae pitch. <— 


the projection of the path iv the Xz plane (3 A common eyclord. the 


orientation of this eycloid is found bby considering the inital 
effects of the field on the electron. thus, first the clechric. 
eld accelerates it inthe -x direction. Applying the 
direction rule of Sec. I-\l for an electronic velocity along 
“X aud A magnetic Field along ~Y gives a magnetic force 
along ~2. Hence, the projection of the path is os shown. The 
Y velocity is constant. 


P hot graph e 


Itis now seen that the photographic plate will not be exposed 
unless it is located along the -Z oxls as shown. 


: Ze: ° 
U= SSing _ 5x10°Sin20° ~ 1.7) x10* 
Eq, io} ESIng = SKlo Sin20° = 1.71 x10 m/sec 
w= £B =1.76x1 KG > = 1.76% 108 rad/sec 


+X 
tz 


(Cont’d) From Gq -55)% Qa 4 1.71 X10° 


ies ofl = 0.97/X167m = O.97\1 cm 
The distance traveled along the -Z direction between cusps is 
_ 6.1 cm. Thus, the plate is located beyond the Cirst cycle as shown 
in the sketch. The angle QB’ in the second cycle is given by the equoction 
S.0— 6.\ = (0.971) (Q-sin0’) em . This wation is solved graphically 


by plotting 9195 vs. 8’ and sind’ vs. 8’ and Gnding the point of 
intersection. The result is Q’=2:53 rad or 145° 


Hence, 9=0'+21 = 2.53+6.28 =8.BIl rad. From Eq. (I-59), x=-(09T!)(1-co0si45°) 
or X=~-1:-76 cm. The time t it takes the electron to reach the plate ts 


b= & = et = S.01x108 sec; aya S&¥ <1. 76xId! x5 x103 cos20"= 8.2310 *m/sec* 
. Ki m 
ee. ah ‘4, mee th Wy bes 25 
y= £ayt, = x (S280 9€5.01K10°)* = 1.04™ <}#+--—— 


a) Cycloidal| helix of variable pitch along the Y-axis. The 


cycloids are in the Xz plane. The electron starts up aud 
then Qqoces cown the Y-axis. X 


b) From Eq. (1-59), -x=Q(I-¢0s9) and t= Q(O-sing). 
YE Vogt — gay? » Voy= 5.93 x10 (4.00)/2 = 1.19 x10’ m/sec 
For 9=0,20, 40m, etc then x=0. V=2T1TH where n is an 


Z 
" = = ZVoe a _ (2B\( 2Voy)\ _ (eB \(2v0 
integer. When y=o, + Leu, Q= ust = (<8) (ot) = (2B) Aver 
Se a | ee 7 YR 
or Q= =—s2= = 2Mnh = 2X1.)9x1I0 B 
y 


- ~3 
aT B= |.32n x10 Wb/ 2=13.2n gauss <— 
44) The motion is a eycloid in the XZ plane as shown, 

with constavit acceleration along Y. é 

~ se = -76XI0'% S x10" sin 30°= 4.4x10'* m/sec? 

y=tayt*= 4 (4.4x10%)(5x159)2 = 0.46 em <_——— 


MS CB! 
Eq. (I-53) oy oe ir L76XI0" 410 * = 1.76x1 08 Yad /sec 
ur Ee Sx10"wOs3 0° = 4.33 xi0& ™/sec 


+2 X 


ae . From Eq. (\-58), Q= 4 =2.46em 
Q=wt = | 76x10% x5x167 = 0.88 rad =50.4°. Eqs. (1-59) modified for the present 
coordinate system, are: x= Q(8-sin®) = 2.46 (0.93-5in50.4°)-0.27em q— 
Z=- Q(l-cos0) = —- 2.46 (1- ¢0850.4°) = ~ 0.89 cm +— 


Assume that B and & are in the XY plane. The path is 
a helix nm the XZ plane as shown. with constant 
acceleration along Y. 


= eB he vy = Ay +G 
Eqs. (I-53) ) ” =1TERIO KIS” = 176x197 read /sec 
B io 


Eqs. (I-58)f Q@= 4 = 2.82K10% m = 0.282 em 
Q= wt = 1-76x107x157 = 1.76 rad = 101° 

Eqs. (1-59) §-* = Q(i-cos9) = 0.282 (I-cosiol®) = 0.34 cm 
~2Z = Q(O-sin®@)= 0.232 (1.76-sinlol?)= 0.22 cm 


Ay= et = 1.76K10"'K10Fc0s30° = 1.54 x10!'© m/sec? ay 4X 
y=tayt? = 0.77 cm ; A= x*4 W422 0756 «©. d= OSIcem <q— 


13 


ic Sei: eee. 22» GamGlae-etee 
(-46) f,=m Ws bate Cae en ; fy= mDy = -ey= ee : f, mo et, 


"OV 
33 + 
b) om AU = eS +e, By- evyBz 3 metals eo URS ar ose = 
mae = eX + 2Vy By, - 2VUx Sy 
The magnetic forces are obtained as follows’. By 
Consider vu, and By. the civection rule of Sec.\-\l . us 
dives a force in the -2 direction. Similarly, vx 
and Be gives a force in the +7 direction. Also, Biss 
vy and Bx oives tero force. In the notation of vector 
onalusis: 


may = eIV+eBxu Spo 
at 
~19 

47) From €q. (\-40), f=. as =o et = 1.38x10 Hz = 13.8 MHz g— 


b) The number of eneray kicks is 


Gxio = 100. Since there are two 

X10 Bh. 

kicks per cycle, the total no. of eucee is 50. The transit time is 
SOT = 22 


= 4 = 3.62x10°sec = 
|.38xI0 

¢) From €q. (1-12), v= (22V¥)2= eae 
say 


3.62 ysec 
1.6xis'*y Ex 10% 


<-—_ 
Yo 7 
=34xKIO0 mM 
\.66x10727 ) > aa 
-27 y? 
See : : — MU__ 166KIOT'*X3- 4X10 ~ 0,391 m = 39.) Cm <+——_ 
| (I-39) ves R eB” lexicon? x0.g 
a) From Eqs. (1-39) and Cieza), v=uR = as where ao %& 
a irae 
or 2b) Le BR UL icKio 13a x0.5 1-8 O 
pod met aade L ; = 0.204 
\i— B ae ae Solving, we get B 
Then V=be = 0.204 x3x10? = 6.12X107 ym [s€c. 
-'9 
fot 28 praz - 1 Lexie x3 7 .j)=194MHe g— 
20 ais wae 27 167X109 27 Gaccat a 
SMisCaf Wnt ec meee 
EM recat mei Ea 


2 
—\) = 0.021 Mee 
Vi-B2 ) | 
_ 9.021 X1.67 x15 27x Qyi9!& 


lLoxio'4 = 19.7 MeV <—— 
¢) Tota | No. of revolutions = Z.zx150 © + 233x166 
= Z.3x15°x14.4 x10 = 64 or 
between the dees. 


\23 possages 


Since the total energy is 19.7 MeV, then the energy per passage 
is (:7K10" = 154 KeV 
12% 


gg 


CHAPTER 2 


(2-1) a) Angular momentum =mur= 1h where n is on inbeger. 


CF a jis 
From! Sy vale ae yl ence, ner g= Zn 
242 4mme 2 2 i a 
or r= nth = heen For nel, we have: 
4nz2 me Trm e€2 ‘ . 
= (6625x195 **)* 39 =5.3%I0 m =0.53A GED 


T (9. x10 3") (16x10 '7)* 


4 

eee eee NEN pe OE _ 
b) Eq. (2-3), Wet grey ~~ erelient Shres n* 
c) Using Eq. (2-4), L= f= wo = R(fi-sa) where 

R= me* = @ixig3!)(.6x10"7)* Genx109)? _ 1.) x107 m! QED 
fer bic 3 (6.62 K10734)3 (Zxi0%) 
3 ° 
(2-2) From Eq. (2-4), Az = sthas om = aliens A ;% © is in eV and 
274 ‘ aa ‘ 
Win J, then We=lexio%E , 
Hence, A= 3x19 x 6.625 x15 **x108 _ 12,4090 OSD 
Léxso77 Ce, ~€,) ~ E2- By 


2 
(2-3) From Eq. (2-1) , v=( € ) 42 ; Hence , T= = = ian (4m me)”. aa. 


" 4mmeéor : 
Bae (2-3 )ia re se : os 2 A 2 Y ot 
4 Se, (-W) , T e (41™ €.) 2 —____. m2 2 QED 


Cemescwl] 2 ~ Ay5 €, (w/e 


From Eq. (2-7), DE = 240° = &86 eV. In Fig. 2-1, the 1850A line is from 
6.1\ eV to tero. Hence, the second yroton must be from %86 to 67) or 


AEH2\5S LV. :. Ae a = 5TT0A <-—— 


@-5) From Fig. 2-1 we find thot the 2537 A \me results ina transition Srom 


the 4.98 eV level. From Eq. (2-7), AE= eee = 3.05 eV. 


Hence , the initial energy jump “must have been from eers to 3.05 44.88 
=7.93 eV \evel, which checks with one of the levels in Fig. 2-1. 


~ Wz 12,402 = 560A cae 
7.93 
From Eq. (2-7), AE = S24°° ~ 1273 ev 
2 12.73 
cre to the sketch we see that three possibilities 12-7 
exist : 
10.) 
(1), Ary iAaiy arch Aas, l2loA ond Agni agond Ae ° 
where 2, = aya = 18,8004: , Az= eee 6,600A 
_ 12,400 _| A 2 4z,.40C7 a ~ '2,400 _ 8 
As= aoe 1220A , Aq= ZGOS = 1030A , As are 43g0A. q— 


IS 


From Eq. (2-1), AE = eee = 3.75 eV which corresponds to one of the levels, 
AE = 12492 = 1.09 eV which corresponds +o the difference loetween the 


11330 
3.19 eV aud 2.10 eV \evels. Hence, there must be & jump from 3.75 to319 
ond then from 2.10 to Gero. 3.15 ; 

3.60 

uPA, (3.78-3.19) ; is NG 113380 

Ag = (See ee <— Az 

2\0 

b) 3715 +o 3.19 eV and 2.10 to O. rae ae 


2-3) a) Mereury cases not have an energy jeve) at 5.00 eV and hence the 
eold vapor will be transparent to the 5.00 eV photon. 
b) From Fig. 2-1, there are two energy \evels below 5.000) namely , 
4.66 and 4.2%. Hence, the atom may be excited into either of these 
Lwo states. From the 4.8% eV level the atom may return to the zero 
state with the emission of the 2537A \ine. 


e) Since the 546 eV level is metastable, the cold vapor will be 
transparent to the 5.46 eV photon. 


2-9 a) From Eq. (2-1) the energy of the electron jen 234 OSM 2.\1 eV. From 
“+ s.,! 5395 
Eq, (I-13), VE 5.93 OPV 2 = 5.93 x10% (2.11)2 = Z.61x105 m/sec <—— 
b) The energy needed to excite the 2537A line is 12,400/2537 = 4.88 eV. 
Since the electrons have only 2.\! eV energy , hey cannct excite 
the 2537A line. 


a) The ionization potertial of Ne is 21-5 V. From eq. (1-13) , 
V=5.93KI0° (2ISY2 = 2.75 x10° M/sec 4 


° 
b) A= '2)4°°f,.5 = S7TTA 3 fe =e 3x08 | 


ee —= = S.2x10”7 Hz <j— 
A 577 X\0' 


(2-11) a1) From Eq. (2-7), E= 12,400/0.5 = 24,8300 V <———— 
b) A= 12:4°°/60x108 = 0.207 A Gs 


From Fig. 2-) the lowest metastable state of mercury is 466 eV. As 
a vesult of the impact, the electron loses 7.73- 4.66 = 3.07 eV. Tts 
energy clrops to 10~-3.07 = 6.93 eV = 693xL.6xIo = Lig SJ) ge 


(2-13) Argon resonance radiation corresponds to an energy of Il.6 eV and 


sodium ionigation potential is 5.12 eV. The electron is ejected with 
11.6-5.12 = 6-48 eV. 


From Eq. (I-13), V= 5-93x10° (6.48) = 1.51xX10° m/sec 4 
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= = 6. y 34 el et x tal eh — 
2-14) a) E=hf = 6.626x10 4x10 eee ON /gu. = 414x180" €V/quartum ¢— 


a ae 
b) 1000 W = 1000 S/n = Nx 6.626 x10 77 J 
103 es 
aN Ss ee Se Ve t-—- 
POW Begexiest (sec 
¢) One cycle =10 ’sec . N«to’= 1.5) x10** /eycle <—_ 


~27 ” 
d) E=po or p= SE _ S626XIo™ =~ 2.209x10°” ka-m ge 
c 3x10% sec 


340 7 
(2-15) =) From Eq. (2-3) A= = bate we — = 6.626x10 °* m ope os 


A PGE? ottont- Wei 20 
b) Using Eqs. Sete and (I-12) we have: A=” (Zevya (zmev)/2 
j= POLO ee ee = 3.43 x10'° po pte eas 
(2%9.) x16 *x1-6x10'9 x10) 
-34 -il 
a) From Eas. (2-8) and (1-12), Ae eee een S =7.) X10 Mm 


ee = t 
(2meN)’ (2x9,) x16" x1.6X16'7%309) fa 
Since VYACUUAm tube dimensions are wm mm, the particle is classica). 


-~34 me es 
yg ta tll St aig HEA w dl (neglecting relativistic 
(2x9.1KI0 2K. OXIS 9% 2.5xI0) & corrections) 
Again the particle is classical. — 
ra? ee eae i a an = 2mY _ For small 
YA tO But mur _ mM en or A — 


values of mn | A ~ dimensions of system. Therefore, in this case 
the particle is quantum mechanical. <— 


a) Y must be single-valued in order for the probability density function 
Wir to be physically meaningful. Similarly, if Y is not continuous, 
dhe probability of finding the particle in &a small region ctround 
the point of discortinuity is not defined. 

b) The Schrédinger equation: V7W+VW=EY involves the second 


spatial derivative f Y, Thus , if oy is not continuous, 2 may 
mst be aAcfined. ox = 


ce) Since |¥[* is the probability density function, the condition 
Siler =| locates the particle to be somewhere in space. 


space 


d) Since Mid dt=\, WY must be Sinite everywhere. 

u 

=) In region |, Eq. (2-14) may be written =<— Region | ——~ 
as av _ _ gn?*m Wy whose solution 


d x* hz 


is W= Csnax + D cosax 


2-18) (Contd) Differentiating twice rp, we get ¢ MY, as *(Csinax+Deosax) 
or an =-ao bes ius Comparing we have 5) " ( Satmw)i < 
h* 
In region 2: Solution W=A e fede Nee */2A0 


ay, = (As 2g 


Vl2A0 
ax = 7a2 a> (ee Mitre te 


Substi tuting in Eq. @-14) 
| Vo 

2 Ser - - h\——— 

pegs Cie CN 1G ee Slam 


L) Since WY must remain finite as xo, then B=O .oince 
WY (o)= H(0) , then D=A 


ge 


—-Y2do 
- Wie C sinax+ Acosax and VW, = Ae 
a al A -Y2dA0 
AY, = al wsax-~aAsinax ; a Glen e oe. 
oa, hp ae ina A 
Since ! csc o> St) Or We Feel 


mabis= Prion sttal Sinan) and W,= Ae gear 


ec) the fact that VW. is non tero means that *here is a Sinite 


probvabili ty that the electron can penetrate through the 
barrier even though WoVo. 


—_—_—__ —_—- —_—_— 


CHAPTER 3 


G-1) The atomic weight times the weight of an atom of unit atomic weight 


equals the weight of the atom under consideration. Hence, AM ts the 
weight of one atom and 


MN =( coms Y(v alectrens) (dk a) i ae. Sie oes 


If n= number of otoms per Ls eeee® ae Fike eydeuae weight = = weight 


of One mole in é ond 


m= (ab mele) ( y(q. molectsles) (y sAioms. (io 3 2) (A ks ka) (vy SBE ie saves eV, 
Re 
n= a (from Prob. 3-1). Assume V=). Then 


Wl ae ae eek ~3 k 6 3 | atom 23 
(39 FeO SE) Se) ( Se emmrccxro 27g) (i Slectvon) = ¢.4ixio. slectrons ie 


From Eq. (3-3) S=nep =A x0 tN () 6X1 Soul )(34- eS Cwe cm Os" 


ee electron Na Emi ) 
mules SIN Se OEE, ATx\0" (olhm—m) y <j-—— 


‘ Pr ae electrons)(id?kg \(_!atom _\ (16 cw? 
G-3) From Prob. 3-1, nm ”~M =(2.73. \@ HeAEOMS) (10k Vo coe WO ) 


= 18 x10*8 electrons /,,3 


Using Eq. (3-3), pe S = Sere ne 


cm be 2 
MO Stig tere es i pilates 
= - -sec 
iv (iSxio78 electrons) (\.gxin IC _ ) 3.44 x15 © ohm-cm ay 
~™3 electron 


3-4 - HOS Rp 2A | ee 
@) From Eq: (3-2), V= ae “la cosjiaancta leanc' deco Nexot_e__) 


m%IO ™m 


2 electron 
LA ™mm ns 
=1.78X10 "A-m = 1.78KI0 W/sec are 
b) th C51 Q 
2 resistance Per eeey ah bl te oe ee Be tet ke Gedy Oy, 


(looo ft) (12 in. })(2.54 Sm) (1G>m™ 
€ = (0.0213)(2) = 0.0426 Vis 4 in cm 


~4 = 3 2 
ISS NABRUIO NSE LAT R TO One 
Hence, from Eq. (3-1), ye a 0.0426 V/™m V-se€c 
C) From Eq. (3-5), S=new + 
=($.ax1?) (1.6x15'9) (4.17K16") =5-61K10" (Q-m) <-— 


S) yom Eqel-13)- Wa (+) rel) oes Y 


S.93K%105 eV 10 
X= 2-35 (0.5) = 0.143 cw <— 
Z.85 _ 
b) u=5-93 x10® V2 = 5.93x10° (10) = |.23 x108 ™/sec <}+— 
o x 0.5 
Potential energy , U= {fox =(fROR = Lkx> PE. 
° 6) 2 Parabola 


with V=0 at X=Or 


For a total energy W, the particle is trapped 
between Xm Gnd —Xm where Xm= (EM) 


(G-7) a) Potential energy, U=mgy. For W=tmvo =U, - 
the velocity U is zero and the particle reverses Ww 
its direction. AU U=EW)4=Uum or 
WIM TASTY mn (2 Phot ce ve QED | : 
b) From the sketch it is clear that U=W corresponds Ym Y 
to & collision with the barrier 
V|(fotential) jroo U (RE. 
a) W=(295)(1)=0.25 eV ¢— 
Sie 1.0 em 
b) The electron must have an energy 7 05-2 
greater than the maximum of the 
potential energy barrier or W must be greater than | eV. d— 
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Sr From the sketch we see that for any 


Wyo there is no collision with the 


potential energy barrier. 


b) Between K and G 


Vl @ U 
ine 
Ga of 22 Leys 
K 02 \.0 
\4 
B= ee = hT1¢xio 3 = 3,52xI0 W/Sec 
aoe 2x10 * alee Ve | 


=9 
=3 : os =- 3.37nsec 
X,= Peat L.7Exi0!* 42 = 2x10 “b= 3.37 x10 sec 3 


At G ’ V=EVUe=zart, =(3.S2 K10'*) (3.37 KIO Y= \\.g5%10> misec . Asa check: 
ay = 593x105 (4)% = 11.85x10% ™/sec . e 

Between G and aca (.7ex10') = -O.B8XIO ™/sec2 

Xr = Vot + $.a.t” = x19? = I.esno®t —044x10*t? . Solving gives L=%,=1345 


nsec 
total time is tt. = 3.374+13.45 =16.382 nsec "ae 


C) V=Ve+etet, = 11.85 x10%—(0.86x10%) (13.45%157) = O << 


B10) & 


b) 


Note: This result is obvious since the ylate is ot the cathode petential. 


For ry% , the total charge enclosed by a sphere of -(-\)2 
vadius ris +e and by Gauss’ \aow Ce -e 


: Ny! 


ANY eS sce o €&=—S— 
2 AT Y Eo 
U=-eV = + fe&dr =-< rr C,.. Since U=o at r= 0 then C= 0 
S 2 
and ATE.U i — QED , 
For r<ve , the total charge enclosed by = sphere of rads ry is 
+Ze@ and by Gauss’ law €=_22_ «, VJ = fe&dr = J Bet Pee 
tay] on a and Co= (Ze 
at EeNe ANEsVo 
Hence, 47é.U =- Ze™ +(Z-1) 2 QED 
: Yo 
Y= dreeVe = ~2te 4 (2-1) a B 4 Y 
For Z=!) avd x= 4 
Yo 
we get eee 
Y= et LO for x<1 os 
' i 
and ae 
lee ae = for x >] a ce oo : uf = 


Note: The upper plot 
shows U due to the 


individual ions. the lower 


plot shows the resultant U. 


GMa) At ok des QedE =yE“AE , Eqs.(3-6 aud (3-11). From Eq. (3-9) 
Y= ©.B2x107". Take E=855 eV. AE=3.6-25=01; EL= 3.95 eV p. Of. 
Ane = 6.82x1077)(¢.55)'2(0.1) = 2 x107! electrons /m3  <— 


eken 5S-%. 
b) At 2500°K , y= = ($3589) = 0.156 
Frow chelates and (3-7) 
= YdAeé 27 
Ane = xe = SS = 143 xto! electrons /\3 —- 


3-1 
(3-12) a) n= 6.02x1¢? molecules, |mole x27 FD xelectrons ylatom 419° cm? 


_ mole 726. Wg tm? atom molecule m3 
= 1.81x10°" electrons /, 3 


From Eq. (3-13), Ee=3.G4 KIS %e(.B1KIT7)% = 11.6 LV g— 


b) 1 = 6.02 X10* *moleculvs , |mole Yi95 G x | electron x\0° cm? 
‘mole 107-9 G cm molecule Ss 


= 5.41 XIO- * electrons (wi? 


1 Bee S64K1S (S47 nid Te 5.5 eV gis * 


@13) a) eases y of all electrons ; but the energy of dng electrons is Edn, 


Total no. of electrons 
The energy of all the electrons is fEdn_ and the total no. of electrons 


is Sone keen fEdne 
a ee fdne 
b) From Eas. (3-6) aud (3- 1) Svein 
Ei, = teeEPE _ Beets CORR fae Nomen 
Se dE Nac ras E*dE Ze” ? 


Ew 
(3-14) (3-14) From Eq. (3-29) , y= SA. “TS. SES. a SA, (1500)" 2 462x190 5x1500 
x Ew 
lO’ Ty, = SA. (2000) & FezxioSxz000 
Taking the ratio of these +wo equations: 


(7.7145. 
Id" = (22Y € ce Svom which we Se hee as eV3a— 


@-!5) cx) From Eq. (3-31), Altn -(24+ Ew) AT ~ (2 4.4.52 eZ. Ot 
% hath ( ir) T ( 8.62 x10 'K 2310 72310 /o 


b) From Eq. (3-29) = 4.52 


In, = SAo (2300 $.62%1G =xZ300 ? Z21y,= AST © 62x55 T 


The ratio of these equations gives. 2= (TOY € “or 
Taking the logarithm +o the base 10 and Sim pliSying we howe: 
22.900... _ 


This is solved by trial and error to obtain T=237T0°K <+— 


2) 


a8 


Surface Surface 
C A B 
b) Equilibrium is attained when the Fermi levels of the two metals 
are located at the same energy level Er. Then from the 
diagram above we see that Eag=Ew2-Ewi. QED 


Junction 


= ail 
From Eq. (3-33) 5; I= Tan © Vr Mr ee: t Ti,= Ine mye Oe Vr 
or e°@Vr -10 PN p= O.40 Vi a 


_V ~(415- 4.50) (11, 600) -1.45 
From Eq. (3-33), I= lne gs or = ca Res zo0o0 = € = 0.235 <— 
+h 


G9) the effective retarding potential is 5.00-3.00=2.00V. From Eq. (I-13) 


N= S.93ZK1O8 V2%=5.93K1I0> or V=EIV. «. the electron travels half the 
distance from K to A, or | em qos 


~Vr 
From €q. (3-33), Ty= Tine Nx oak retarding potential is decreased 
by 0.2V, the current ts I,= Te eo Wr O-2/y, Dividing there wo equations 


Wwe have 8 


; | 4 
Tz Be oe) Sige) sli Por aio 


QED 


G-21) a) At zero applied voltage, the true potential is O5V retarding. From 


Eq. (3-33 -Vr/ - 0.5 x11, 600 =o: 
a . ) IT=Iwne2 IMT _ Io g tSaeee =107*! ~o.21wA <e——_ 
b 1=10e MEO” or W=03 = net retarding voltage. «. The applied 
voltage is 05-03=0.2V accelerating. <— 
a = : 11,600) rai —6 
i 
From Eq. (3-40), T= etAt Ee” _ 1.01. Since for xeei, Inliexd=x then 
th 
Qn(l.01) = O.1= 0.44E4% 2500 or E= 3,240 V/m eal 
a,c, e, fF 
A,e 
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CHAPTER 4 


tS _Ew 
From Eq. (3-29), Tn=SAT & kT where Ao and Ew are given in Table 4-1. 
2.63 
Tw = § (3.0)(1840) € SezxiaSxigto 3 Iw= 143x10°= S (60.2) (1840) Ferns sess 
Taking the rotio Iw _ 3.0 ells ‘it 


Iw 60.2 or hhew= 143x106 as << et aso. 


or lw= 1.03 A <}—_ 


P=5.8x107W/mz. TE 10% is lost by conduction, then the total input 
power density is (1.1) (5. BXIO") = 6 3B XIOT W/rq2 aha the tatal input power 


is 6.38 xK10t x 1.gx104% a TPeaw | 
From Eq. lao ed Ty=SAc Teo em 1.8x16 7 100% (I100)* o BeLKGSF aos 
= 2x’ es 
or Log ly = 4.338 — 0.434xK10.55 =-0.241 -. Ty=0.575A 
Cathode efficiency = emission current _ 0.575 _ A 
Wes input power =e 5OmAAN +— 


The surface area is S = (2) (0.014 + 0.004) (4.5) (2.54)* (10 *) =10. ASx15” m2 


. fe ~Ew os ——_ 
From €q. (3-29) pr lgae-on Toe Mini ascus® eee W200) x <— ee 


or ly, = 0.98 A ¥, ATS 
- Ew 4.52 
From Eq. (3-29) and Table 4-1, Jy =AoT* © *T = 60.2x10*x (2300) & 8621587300 
From Eq. (3-33), J=J, © eave = 407 A/w2 
or Io = 407Te us ceaNios | Taking legs : -2 = 2.61— (0.434) (503) Vy 
-~V - \\,e0o -S.4V. 
From Eq. Sa 3) eb a rN : 0.235 la, = ly, S@ +2000 Vr or & ‘ Y= 0.235 


or Vy= 0-25 V . Now Er =OVeus O25 EN -¢. Ew 4.15-0.25=4.50 2 +— 


az 
From Eq. (4-3), U= Gey f (os eae = p(X)” where p= (ZEN )/2 


) ‘ : 
From Eq. (4-10), V2 const. = YE or V= Ve (4)? er 
X 


and Up is the velocity when he (at the plate) 
2\% Vive -2/ 
From €as. 4-2) avd (4-19), OF 2 J _ £22) Co oe ae) 3 


(SNP ye (EN 
| 
where O,= 4c, ME = z ad eA = Vp /(alttd? x107) 
and Pp is the charge density at x= . QED 
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G-1T) From Prob. 4-6 under space-charge conditions 
oir cant a oes Aig) A ak Y 
i scleler |} see eae Vo axes Se, sat , 3xS= Met 
Ie ot x=a Peta Ale transition time , then ‘T= ZAZA _ 3d QED 
5 
For ~eero spoce charge the acceleration pee commer and the 


average speed is $Up. Hence, d=$UpT or Te Zar 
Up 


From Eqs. (A4-\0) and (4-11) , N= Vp( 4) The slope of Sheu line tangent 
Lo this curve at x~zd is 


av pal ' se 4 Ve 
aia 45% \ a = 3a 


the equation of this tomgent is = 
so that’ V= Ve aber oe Ue O= Ve = 


tek 
Thus, N= Ve (43-1) and when V=0 , %= oo QED. 


Ve x +B where Bis determined 
a 


me 3, 
a) From Eq. 4-1), T= Zee IO SNe yA) cov 2 =(Ve V2 -. Ne=\59V +— 
b) L_ = (2)? or T=28.3 mA +— 


(100) */2 


-6 
e) [=2.33xI0 (23) CAR ; 


taking the ratio of these two equations , We have ae a= 


pero (\ooy 
\O=z 2.33 XID S Cy 


Sy ess sO UmA <-—— 


Wo ~6 3/, 
5 E 4 ~6 \J5* _ 2.33K10 % (100) _ : 2=Const. 
From Ea. (4-11), J=2-33%'9 a ayers ar 0 5-33 Alm 


4 
Since J=pu, we must Sind vo at x=lem. From Eq. (4-10) , Ve Vel) ty 


Re CON gored ne Ne o> X105 (39-1)2 = 3.7310 m/sec - 


) 
e=i= 5.63 = Vitis Cece © /n3 a 


For an apylied voltage of 5OV, the thermionic emission current 
will be collected as the temperature is increased jvom tero 
until the temperature becomes high <nough so that the xhermionic 


emission current equals the space-charge current. Then the Field 


at the cathode becomes zero. From Eqs. (3-29) aud (4-12), 
lyn = G@VZ* = SATS Er or G(S0)% = SAp (1000) & Asean 


Now, if Vp remains ot SOV and the temperature is increased , the 
electric field will remain zero at the cathode and space-charge 
limited current will be cdlected. Now let T be increased to 200°K and 
hela fixed. Then, if Vp is increased, the maximum Vp Sor which ie 
field remains zero ot the cathode is the one Sor which the space- 
charge current equals the !200°%K thermionic emission current. 
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(Cont'd) GS V2 = SAE (1200). e7 12,000 


1200 (2) 
Dividing @) by i) we have 


V ¥, lz0o 2 -190412 


or Vp =(50)(10.65)/ =(50)(4-85) = 242 V gue 


(4-12) cy) The supply voltage across ecich tube is 25V. +—— 
The space-charge current is from Eq. (4-11), T=20(28 y2 =2.5 mA eo 

b) the voltage across each tube is Vp=\50V $-—— 

Hence, the space-charge current exceeds ZOmA. Thus, the 
temperature -limited current will be collected, T=20mA +— 

@) The tube at 2300°K can deliver only ZOwA. Hence, the current 
through the other tube in series is also 20 wA. The tube at 3000°K 
is operating under space-charge limited conditions ond, hence, 
to deliver 20 mA, the voltage across this be is \OoN. 

-. the voltage across the 2300°K tube is 300-l00= Z00 NV. <+—— 


a) For a vacuum diode under space-charge limited conditions 
Eq. (4-12) applies, namely, lp= GVp.. Taking the logarithm of 
both sides, we have: 

YogI, = logG + nlogVp 
Thus, a plot of flog Ip Vs. Rog Vp is. x straight \ine whose 
slope is n. 
b) From such @ og - Log plot we find that for the 5Y3-GT 
diode n=1.46. <¢—— 
Thus, this diode satisfies Eq. (4-12) with n=Z very closely. 


SGiniae . 7, 
a) From Eq. (4-11), J= 2.33xi5° Ve" = Zee hoe = 23.3 A/mr 
1\o7 


P=JVp = 23.3x100.= 2336 W/hy2 q 


b) Jis multiplied by 472 = % . Vp is multiplied by 4. 
pen K's multiplied ny fk A = Sz. area 


=% =e 
From Eq. (4-12), Be Guvee ig Q= SS, seller sala 
2) > 


Plate dissipation = IpVp = (5xi0%)Vp* =16 or Vp=400V ¢— 
%. 
From Eq. (4-11), I=(S)(2.33K10 YF 5 If in a plame-yarallel diode 


all dimensions are enlarged by the same factor k, the area is 
multiplied by k* and d? is multiplied by k?. Bence, I remains 
the sawe. 
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G-I7) At up=50V, tp= 100 mA 


; = 500 2 <—— 


Si A tangent to the v-1 characteristic 
bp 
Ry = Yep = S50 Se 


AN 
| 
ay. 
rl 
Vi 
(oe) 


gives 


ot V,=S0V 


ee 


(4-18) a) From the load line through Up=60V, ip=o 
and Up=O, ip= Sox = 240 mA, we find 

Ip=75 mA 4 Vp=42 V apo 

b) The load line is Up=Vpp-ipRe and {or 


1p=O-4A, Vp= 60-04*%50 = 40V. The LL. Is 
drawn aos shown and we find 


4 a | 
0) From a vertical LL. we find, I1p='126 mA, Vp=60V <—— 
d) From a horizontal L-L. , LetO, Vep=oO. 


je 

The equation describing dhe \oad line ts Up= \20—VpRi . TY we lot 
the load line for each load resistor on *the V-1 characteristics 
of SYS-GT (Fig. D-1) , we Sind : 
A) RL=S0ON , Ip=!24mA ,; Vp= 58V ; »b) 


R= Zo0n , Tp=200wA : NV e=30V <-——_ 
©) R20. ,  Tet350mA, Vpri20V 5 ct) Rio 


’ Tp=0 »Ne=e 


cS 
yak 
The construction of the 


dynamic characteristic 


is indicated in the 
sketch. 


60 90 Up, V 
From a. (4-1 Vii 0.1 4 Ne = Ne 8 io) Vem 
poeka Sate sok apa AS Sipe Rap, eyo ee 
AV ay! 3 | : 
Y= S22 (3 2\_/3 | \! 
CATER GLE Rly . HL ps > 


i 3 R 
a) For Vp=!00V , R= 10*(I00y 


tl 


1000 OD =1K ; Vp = 667 SL <-——_ 
1410 ; p= 940 & ieee 


b) For Vp= 50V, R =\0*(soy 
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CHAPTER 5 


G-) Assuming that is ind 
pp is independent of tem erature , Soe: 
from Eq. (5-2) that o varies as ni. From Ee Bt Ss en ik Lollows 


“2 3/2, _- EG 
Nai fAeTre °/2ktT or Unni = In Ata £ WMT — Ese. 


ani) | 3- ale eee st G 
mm Ae Ae =|5+ eth aa @ T=300°k , kKT=0.026 


F 5 On; ee ; 0.735 \ sl ° pad: 
or Ge ef = (1 S+ aes x aa) (100%) =5.5 % per degree Pho d 


Using the result of Prob. 5-1 and Table 5-1, we have 


For DSi: she = (5+ a) oe! (190%) =3.3%o per degree <+— 
\ f 
a rd (E-Er) 
From Eq. (5-8), n= xf (E- E.)* et ae ie <5 Hset xe GE , dyx= 28 
Bere sie—€.\ +(E,-Eg) «0. N= — Mapvelee oS dx 
pai ag = 
. , (KT)26 (Gen &) j cet =i ax 
RO ee 
= 


From a table of integrals we find that 
y= x" S* dx =Tlm) where F is the Gamma Sunction. 
For m= S , y= (3) = VT 
(E.- Er) 
eee SUGDEN el: eee? PANGS ey cree 


where Ne= sore _ From Ea. (3-9), Y= re (2my* (1.60x10 '9) 772 
2 
3 
so Ne= 2 = (2mkT)”2 (1.60x10'7)72 = a (amie V7 (1.60 x15") 72 


where k is in eV/oK . 


GE From Eq. (S-18), poly (Ey-ES*S SE) ae. Let xe EYE, due 
«KT 


Ee-E= (Ey-£)+ (Ep -Ev) 
Ee -Ev) (Ee- (Ee -Ev) ay/2 Pe 
p=-¥f x x2 (KTY? e* e ag ee ihe ht aes kT \~ 2" dx 
<eo 
From a table of ivtegra|s we Lind that J 
Pre” Sees (wy where nih ts itheaamm oy Lanction . 


u~ |, is Vir a eT =~ (Ee - Ev) 
=i5 -_ hel se 
foy m=%2, TCR)= 3 a as eT =a Nye « kT 


where Ny= 2( eet kT ye 


(5-5) From Eqs. (5-10) and (5-16) we have: 


kee Ne sas: Mn Le Bip) Vay tame US See, 
I Un FE Si a 


2 


3/. 3 
here: ~ 19,3 Sn I 
G- 6) a) From Eq. (5-10), Ne = 2( ZemekTy% (160x109) = sy MOS ap Te 


5> 531 \3 Zz 
= 3 uw ZTXS.6ZKIO” x9.\XIO /- ¥, 30 
where G= 2(2ne™ ) 2 (1 boxIa I Y/2 A ae rarer ee *(16) 7(10 ) 


3 
or A= 4.82KI07! e. Ne= 4-s2x10 | (BE)* 7" 9 a Bato ae ee 


Eq, 
From Eas. (5-18) and (5-19) we have ni =np= NeNy 2 AX 
where Ne and Ny are given by Eq. (S10) , namely , 
Ne = ACT and Nive o (EET 


Yren3 ~ EG 
% 3 -E« 21,2 [mum 2 — 
ne = Ot (Meme) Te AT — (4.922101) (er) Tl 


e@ kT 
z 43 7 mympW/2 > > ESNet 
Or ni = 2133x107" (ae)? Te) .. £9. S28 
b) ig 
FromiEaa(5-20) 
mm % n:~ Ea/ + -Sl_2 33-SEq ° 
(aso eee ey a (59 KIO Ny Se at T= 300K 
™m*> 2.33 x1043 T3 
*, 4 25.6E 
or (manny) — 36x10 nie : Using Table S-!, we have: 
“mm 2 
For Ge 
28.6X%072 = 
(Cin apo = 1. 36xId >? (2.sxid'9)% © = i164 mice S04! 
“mn 2 
For Si 
16.4 25.6%1.1 ~| 
Mn™p 2 h3exie*(1.5x10°) 42 = 3.9xXID =90.39 
“m2 


(5-7) a) Use CGS units . From Ee. (5-2), S=nNie (pnt He) - From Table S-! : 


or c= (2.5%10%) (1-6X16'7) (380041800) = 0.0224 (Q-cewy! 


. e= t= 44.6 Q-ewm er 
Biz eo7 Nos a Siete ae x532 D = 4.41 x10? attoms/em? 

If there is | donor atom per ice atoms , then Ny= 441x109 Tattoms/,s 
From Eq. (5-25) nx=Nopd and from Eq. (5-27), p= nz _(2-sxio'39? 


2 hol | ie eed 
oy p=! 42x10" nOleS/ew3 . Since n is two orders of magnitude 
greater than p, we can neglect p. Then S=nNep, 


or o= A.41x10'*x16xId Iya h6 = 0.26% (Q-cwm)"! 


ee 4 a Sif Z S22 —Cm 
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6-3) a) Use CGS units. From Eq. (5-2) , S= Nie (Pu+py). Using Table 5-1 


S=(1-5xI0°) (16x10! 4) (\300 + 500) = 4.32K10 © (9-cmy"! 
; = = =e), OOO st-er 
23 atoms x | mole 22 
b) Ng, = 6.02 x10°* Atoms y | Ferg * 2332, = 5x10 atoms /ay,3 


Cm 
Tf there is if donor ostom per 10% Si crtoms , then qr 5x10 * atoms /ew,3 
From Eq. (5-25), nxNpy and from Fak (S- 21) par “co he Q-5x19°)* 2 4. sx10> 
D aac 
since p<<m, thon o= N<M» = 5x10) et: 6X10 IW 300 =I. 04X10 Oc) 
eee en ee 


a) Use CGS units. From Eq. (5-19), np=n? = (2.5x103)? = 
From &q. (5-24), p-n= Na-Np = (3-2) x10! = 1 0'4 
then n(n-+i0'*) = 6.25%1026 | 


Gastins 
or p=n+io'* 
or N=5.3x10'* electrons/cy3 g— 
ond p= n+10'%= 1.06x10'% holes /cw3 
. the sa t 
a) TE Na=Np , tee p-n Ae oe 2.5x10'3 em? 4 
The sample is intrinsic by compensation. 
¢) From Eq, (5-23), n= AoT? © Feo/kT 


<-~—-—- 


and Table S-\ at T= 300K 


) 
26 0.785 
Ao= es le eso/KT __ = 6 2SKIO*" 6 FOSS = 2.3\xX10'7 e3°2 = 2q\ x10" 
LR o 27x10& 
_ 0.785 
@ T=400°K , Nn; = 2.91x10%% (400)? € $.62x155x400 = 2. 57x10°° 
mp = mins tol) = 2571 » Solving Sor n we have 
et OBES tenner yore 
nN + * lO78410,2%x108° oy an ze - 1S Lae eyeere ee = ol an: 
2 
where Ni =1.61xK10'S : 
! 
So, N= 1.61X10'F—0.05xKIG> = 1.56XI9” electronsfy,3 So a 
>] 
p= n+io'*= 1.56x10'>+o01x10> = 1.66x%10' > holes/en} 9 ge_ 


Hence, the sample aot T=400°K is essentially intrinsic, since 
ypuren~zmn 


5-10) From Ea. (5-2) 
S| ) 


S=peVp since ng<p, . Using Table S-! 


On nee Loo 17 
=— = ee = 3.4710" holes 3 
fe 2p si. 6xi0'7x)Z00 brit ie 
i ee (ae RAO ee 9 
From Eq. (S-2%) | Wp=—~— = rae 


=! .SXIO electrons / aq 
Fe 3.47x)0'7 hi 


(=I) From Eq. (5-2), T=Mnen , Since Nywr>py 


S 0.) a 
= ed ; \x ° 
ae Pre 1300%1.6x10'9 4.8) x10" clectrons /ewn3 ARS 
y (exo \*~ 
From Eq. (S*27)) 2, = ee LO) 


ce 
= 468xXI9 holes 
Yin 4.Z1x10!% Jorn? 4 
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G=12) From Eq. (5-1), J= Galore hid See 
Lind ni from Eq. (5-2): 


Vix 


In order to find n ond pe we Grst 


| 


oct) = GUeRd SHOT IeoN) 
= 1.46 x10" electrons /cw3 
AOC Ys pe 
From Eq. (5-19): prn=ni? = (186x107 * * mxeay 
Eq. (5-24): pne= Na-Np = TKO 2 -10t = —3XI0 (2) . 
Solving (!) and (2) simultaneously , we get A= 3X10” , PHOBEXKIO 
Hence, 3 = £(3-821( 3800) +(0-82)(1s00]k 10% (1.6%10'7) (2) = 52.3 MA/ey,z <_— 
G-13) a) The concentration of Ge atoms is 
N= 6.02183 atoms , Imole .5.32g = 4.4110 atoms /ow3 
“mole WZ: 726. g Cm> 
we have : 


Np = 0109) x 4.41 x10" = 4.41 x10'* Jom3 . From ©q. (5-29); 


No =4 poe Nest Jem? . 1S 
ao * = 337x10'* /ow3 
Ee—Ec = —kT QyiNe we = 
=-0.026x9.9 = —0.257 eV 
“ Eg is below = co 
b) Np = io) x 4-41 Klo2? = 4.41%107 /em3 


Z.47 x10'8 026) (-1.6) = 
= —0.026Un 231 *'9° ev =f 0. 
ee ze 4.41 x10!9 


is above Ec. 


From Eq. as ~¥.62%1S x300 Mn 


As 


¢) If Nyp=Ne , then Erp= Ec 
Ge atom 


or Ponor conc. per Ge. atoms =20x!o> 


Nence, the doping leve| should be zo donor cottoms per 


(5-14) ay) The concentration of Si atoms is 


N = 6.02 xic®? Gtoms x Imole x 2.93g 
“molhe 28. 28.19 co | Cm? 


“Naz (to ®)(S x10?) = Sx10'* sew3 
iy 3/ 3 
for Ny = 482x105 (Mey? T% 


= Sxio* atoms /ey3 


Ny = A.G2K10° (06% 300)7 = 1.17 x10" /cm3 
LAT x10!9 
Nie ag et Qe mee 
From Eq 3 «Er ey 026 Xn ee 
= 0.26 Ne 


or Ep -Ey =026 eV Ee is above Ev 
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%.S7 KIO 
4.41% \O!* 


| Thus, Np=(Pener_concentration) x 4-41 x1 


Mn =lm and T= 300°K , 


mn) 


<j 


+ 0.0415 eV +— 


ore 


io Ge atoms. 


: Analogously to Eq. (5-20) we have 


where ™My=0.6™ and T= 300K 


bo Mack VERIOTE & vais ail wiz V.\7K10'9 
Nea ceeay a fem ros te4_ we = oz En e 


ror eV 


oy Er-Ev = 0.0406 <V and Er is above Ev 


Cc) Ee=Ev when Na= Nv 


<q——_—. 


or Sx10 22 ( Acceptor eer ration 


a 14 
per # of S atoms “hey & 4 eo! 


Acc. conc. = 2.34-x10 * 


The doying leve\ should be 2.34 acceptor otoms por \o~ Si atoms 


(5-5) From Prob. 5-4 , the concentration of Si is Sxic? atoms /ew3 
Mien, Mis ote eo le Ya 7 


2x108 
From Eq. (S-30), Ee=Ec when Nyp= Ne , where Ne is given by 
Eq. (S-20): Nc = 4-42 «10> (Me yz Tz mM, =™ 
Hence, 


4.210 aa ph = 2.Sx10' % 3] petal ee O:S | <}-——_ 


5-10) From Eq. (5-31), Ep= Ev when Na=Ny , where Ny bs given ‘oy 


Ny = 4.2 %10'> (weve Te = 4.%2x10° (0.492 (30092 


=A. S32 X10 “-xi2zeVico = 6.33 x10! | 
:. Doping concentration 


Pape e 6.33 x10» atoms /oy3 7, eats 


CHAPTER 6 


6-l)a The concentration of Ge atoms is 


N= 6.02x10? Stoms x Jmole 


2 
x 5.329 = 4.4\K10 atoms /ey3 
mole Toca 6g Cw 


Then, Na=lo*N = 4.41%10'* /ews3 aud Np =l0*Ng= 4-41%10 7 /cw? 
From Eq. (6-8) and Table 5-1 , 


14 
aa NoNa _ 9.026 yy 4:4 1X10 441K 10 
Eo= kT Ln a = 0 ays eee YS 
b) The concentration of Si atems is 
N = 6.02 x10 Z3atoms | |mole x 2. 339 
mole 2%.\ g ean 
Then, Naz 19% N=sxio0! =o Pera. N35 


= 0.33 eV fee 


= 5x10°* atoms /cw3 


= Na = Sxio'’/cm3 
v-m 
Hence ho= lOZG sv paewnsn os Lid Ng fy Sy 
CiESsci' Se % <r 


3I 


| fa eee 
a) =— = = 2 S-CcCm or Na= \ = \qAxi0'? 3 
Ce Nad Pe 2¥).6X15 %IZOO Few 
wii | ee fi \s 
Similarly, No rege MONT: TR 1.65 x10'> /cow,3 
c : .65n0> 2174 x10> _ Ni 
Yom Eq. (6-6); Seca 0.02.6 Yn ————_——_- = 0.222 <——_ 
(2.5 x10'?) 
bo) Na= \ 


ZXN.6xIO Ix 500 


is \ 
= 6.25%10°/ew}3 ; N5=—\—-— = Mae) /cw3 
1X1. 6Xtd 7x 1300 


WS > 
Then, E.=0.026)n A-SKIOPKE25K10'7 og GGT eV 


(1:5 x10'° )* 


G3)a) 


Pr= 225xI10> 


b) | | 
! | 
& | | % 
| 
| 
V | 
| Vo 
| 
thier Moke lan | x 
es are simi - 
Np= (2.Sx10!'9)* _ Sate i hoe ee aie ay ange (5) with 
oe mt Pre Se SABO fem and nN) =2SKio, (ame 
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From Eq. (6-19), Ipn(o) = AePeR le and Inpl0)= Ae Dads) 
Ten(0) = [LAeD RIO I/L, 


fe ee et Uisina: Earl6~ 25s 4, ia Vm 
Imp (0) [Ae DaNpO}/L,, gon Fn (0) = P ie = 15 
and Ny (0) = Pipe (M/vy sae 


Then, Jyn(0) _ Per a = wre since Dp= PpV> n= Vin Vx 
Tp (9) saree nVypolp 
patel 
From Ea. (5-19) ; np Od or Pno= men ona Nyo= Pr 
Horned tpnlO) — Me Pre Ln | Opln 
) ee OL 


Inp(o)  MxMmelp ~ only where Gp=YrPpe and Sn=Wanwe 


(6-6) From Eqs. (6-27) aud (5-19) , lf hole saturotion current, Loeeees 
Tpo= peters = Aede NE, From Eq. (5-33), Dp=MpVr and from 
ica e Vin 
Eq. (5-2) » SL=Ni(PntMple » Sn=Nrenn 
fe. te MpVy oie _ AV Map Su ae is 
MY Tee ata? ~ (eT 


—<— = 


e = AN; cicadas rg es 
pre (Patbpye> — (MntMpeLp On (+b) Lyn yp 


Ino ts obtained by reylacing p by m . Then b becomes + and 
lb UAB oe 


(4b ~ 4 YY 


(6-7) Io= AV 2S Lt ee —G. 2 =0.026V, be 2802 =2.11 
° i Manresa a LAG, ) 5 A=4x10 “mm , Va 


\ 
(ay ( ap le aay 


i (+ b)* they =Tpor ee = AY, 2ot 


1300 
LpGn= 01S XO) = 0.015 ey Laon eo: We (Sy 
From Eq. (5-2) , 


Si = Ni (Mat Pp)e = 25x10? (380041800) UU. ae 2.24 (Q-my! 
Then , ieo* Axio" m* x 0.026V x Zt (2:24) 


= A 
(3.11)? “(@-m)* eae oO. ee) oa 3.34 ¥ ees 


- 


A= 4x10 cm? | b= 130° . 


Wea : , LpSn= 10 *« 15" (Oy LuSw ,Si= [5x10 (18002(1-6x10 4 
500 


= 4.32 x16 © (O-cmy! 
= Axio’ cm 2%0.026V x 2. 2.6 (4.32)'x101* x 2x\0* 
: 3.6)2 (2-cmy* 


= 1W4K1I07*%3.74x16*%x 2 = 77.4xK10 7A = 77.8 pA 
(-%) From Prob. 6-6, let y= ow . &o;* ( \ 


é es ~ —_ \ 
(146)? S LpOn LynSp 
by: a wi = 130 $-2 BANA n 
For Si: b= Ee = 182° = 2.6. From Eq. (52), ov=mi (yp 
or Si = 0.432 x190> 
Then 


~\ ~3 
ati) ad ga ES , (0.432) x15 “2K = 75X19 
3.6 
For Ge: b= 3800_ 3), 
1g00 


Then, I= 


<}-————~ 


*ppe 


= \1.5x10' 2 (1 ZOO) U1. 6XIO 24 


|G = BSKID? (FE0OVN.EKIS'4) = Z.24KIS* 


a 
2. v2.24) x10 ** 2x10 =2.26KI5 Yoe _ 2.26xI0 
Joe = cari 


£.coKr™- = 3x%I0 <— 
Ysi 7.5 K1o% 
aS 


G19) a) From Eq. (3-34), Vr= 


= 0.026 V at room temperature, 


11,600 VI vi 
Using Eqile-26) , TattoeliMiai) «0.91. =Tell] O°TCPEN). oye te an 
or V=(0.026)C2Z.3) = -0.060 V gue 
b ere _ | Ms Cn _ 632-\ =~ 633 ee 
go *%26 Fay co! 92 \ 0147 -1 


¢) for VeOle T= lobe £72) ainter—1).= 455 WA = 0.455 mA to — 
Vz0.2, L=iole 261) = 0 (Sj) =21,700pA=27mA <+— 
V=03,, T=10 Gorin) = 1.01%10° pA = 1.01 A qi 


a) [=10? (e°/0z6 _}) . From Prob. 6-10 we have: 
CIV, -455mA),(0.2V,21.7mA) also for V=0, T=0. T,mA 
Additional points : 

V=OI5SV , Txs%(e7 26_)) =3.2mA 
=0.05V , T=105 (27726 _}) =0.05¢mA 
=-0.05V, T=109(6 26_1) =-9.54 MA 
=-010V , T=10°(.6°7/26_1) --9.78 pA 
=-O15V ,T= 10° (e'S726_}) = ~9.96 pA 
=-0.20V, T=157(6°°%e_,)=-9.97 pA 

b) 1=-455 mA, V=01+ G4S5x25);= OV 
[= 3-2 mA, V=0I54+(3.2x25)= 0.193 V 
I=¥wmA , V=0IT+8 X25)\x19°= 0.37V 
The 25-2 resistor has negligible effect 


on the reverse characteristic, since 
the current flowing is very sma}. 


a) From Eq. (6-31), logI = logo + ne ; At T=25°C =298°K | Vy =0.026V 
T 


In Fig. 6-9 for T=25°C : V=0.75V when I= 10mA = 107A. 
V=0.40V when T= 0.0lwA=107A 


Th -2 = bog I, +0-434.075 1) , 5 = bogIo +0434 04° =n 
a 2 (0.026)1] DSP, ae (0.026) .) 
Subtracting (2) from lI) : 3 = 0.434 035 


0.026 9 =) 


b) At T=-55°C =220°%K , \G= eS. = 0.019 V, Ate T=I50°C =423°K , Vx = 0.0364 
) 


From Fig. 6-9 : V=0.91V when I=10mA =16°A and V20.55 oboe 
V=0.66V when I=00lmwA=10°A and Ve 0.1 (S Giperc 


-55°C. thus, -2= bogI, + 0-434 91 Wy) . —5z YogIo+ 2-434 0.66 (2) 
0-019 ; 0.0149. 77 
150°C: and -2 = YogIo4 0.434 055 (3) : 5a log To + 0-434 _0O. (4) 
0.0364 0.0364 7 
Subtracting (2) Srom l): Zz 0434025 .yu1.90 (é = 0-434 045 . Vi47 
: wee PAGIT tear naa Paees: x Bi- Gers 0.0364 7 ae 


3¢+ 


Refer to Fig. 6-loa. Note that the ordinate is a log scale, so load 
lines are curves and must be plotted in area of interest. 
For R=I0OM ,we vlot the LL. from \ooV to \0 pA. The intersection 
with the 25°C curve is at 55 wA, AVN <+— 
For REIM , the LL. goes from 100 A ‘to \ooV. IntersecHon is at 


225 yA aud 75 V. , eee 
For R=l00K, the L-L. goes Srom 100V to IwA. Intersection is at 
=70 pA aud 93 NV. aa 
From Eq. (6-26) , Vp=Vq bn (14+ =) I 
For the resistor, Ve=IR aor 100 
Then, V=Vp+Vrpr 5 To= 5 pA, Vy =0.026V aA 10 


0.0286V| 0.001V | 0.0296V aid aod 
‘ : -0675 100 
; ; : pA 


a 0.185 
From fe. (6-35) for Ge, 1o= KT*2 Ny 


_ 0785) 

Be “T=20C'=353 K Ny = oo = 0.0304V and Io=K (353) € 0.0304 

) _ 2.785 
At T=25°C =298K , Vz = 298) ~0.0257V and Teoite93). <. oong7 a = 

11,600 2 

-25.% ' 
Fao eye heh Ia ee Tatnigy te IGA 
(29%)* © 30-S 


EireriSi., Tsar es 2% rere 
“ ; (3) 
At ‘TxI50°C = 423°K ) V+ = <e* = 0.0364V avd 1o= K (423) od me 
11,600 fa: 1 
AL T=25°C = Z9BK, Va =O257TV ig I. = K (298)'"* 2 v02572 & 
(A230% e : 


the ratio of (3) to (4) is — (1.4592 7 =1149 +— 


(299)% e775 


: . ale Sle 
(6-16) I= Io+Ir dee er 


=I,+10 
P Bae 


From Eq. (o-36) for G id = 0.07 (given) 


+ 
‘ A 
Taking the ratio id= i ee = = St or loz 0.6361 
- ‘ 


T : * -)9 =35M 
0.3641 = O35 64 Io = 0.572 (SpA) = 2.86 pA ..R ZBEXIO™ 


At thermo equilibrium at (25° 10° )= 35°C » Pin= Pout = io°above ambient )(0.) mw/2c ) 
or Pout = mW. At 39°C; Te has cloubled from its value at 25°C ,i.¢. To= lopA. 
Pout = Vie = tot = N (r0oK1d°%) “. V=100V <--— 


Then, Ipg= L- 0.636 
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G-13) cx) From Eq. (6=33)/4 Feis (ois -\) = Toe \t Since ols >>|. Frow Ex. (6-35) 


Lo KT™ of Vo°/n\e i ea EG eae oT a aie Pod ahs | 2 since 
V~ = a nee Qnt=Unk+minT 4 2(V-Veo) aud 
A (QT) \ oT ( iio 
OO WAP) = 26 Se Pe ae SSN Vdo) We — 
aT I aT mere ae QED 
#) For Ge: A=), Veo=0785V «EAE. a785-02 Loos or 15% fy 
we 1¥300K0.026 _ 
For Si. EZ , Vao=!-2'V 1st = L21—-06 _ 9.039 or 3.9% /oK 


2%*300x0-026 
. V 
From Eq. (6-33) , T= Tole bx __1) y At 25°C, 2989 Kr} Vr = 0.0257 V 
Rashi aloes 7.1 
For Si, m=2 . Then for V=0.4V , L=I.(€ 2x00257 —))=1.(24 74) 
oy het S2zZoOdau — Ab I50%Gu= 423° Vy = SoS es 0.036aV, Vu65.5 


11,600 Vr 
and 12 = (1.07975 T, = (079771, = 48001, . Thus ot 150°C T’= 1d (e??-1) 


oy IL’ =(4g00I1.) (245). 


Te SOO eee eae ep 
Ta 2200 : 
From Fig. 6-9 , when V=0.4V, T= 0.0) mA @25°C and T/i2mA @ 190°C . 
a ned. = =—— = 200 
L 0.0\ 


VN 
From Eq. (6-33), I= T.(€ Ar _1) ; For Ge =1. Then et = z er - iY 
-V 
or r= % os where @ T=125°C = 392°K Vy = 338 | = 0.0343V 
°o d 


-3 P, 0.2 
Q) For V=+0.2V , ‘= 343X107 & 0.0343 


30xX1o-e ; 2 VI4KIo. yr 3.36 D2 /<tee 
b) For VE-O-2V, yen 14x) Les eagt sel 0.3agM aa 
a) R=10K 
Approximate solution: I~ = = wee \oOmA 
Assume that the Si oe 


diode is net conducting. 
Then, V= 0.24+ 20xtoxi6? = 0.4V The Si diode 
is indeed not conducting, we, L.= QD 


Exact solution: J.-T= 100-0. te 
ct solution : i,=Is hevases = 9.96 mA 
b) Rsk Kane 


Now beth Aiodes conduct. From the circuit, we have : 


201,-!51,=04 (\) , 10202, +\000T, = 99.%@) Solving (1) % @) 
simultaneously ,we get 1,=53-7 wA | I,= 44.9 mA a 


From p.136 (Text) we see that for an abrupt junction diode Cy = 


where Az=constant and V=reverse-bias voltage across the diode 
When V=5V » Cy =ZOprF =. A= 2ZOVS . When V=6V , Cr eel ie) /. = 19.25 pF 
This corresponds to a decrease of 1.75 pF. es 


BPS 
Vi 
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6-23) For this case Eq. (6-47) is valid, ie. Wea cee - But op=eNa\r 
or eNa= ve | Substituting Wwe get \N = (zene): QED 


and Vs =Vo 
— ]24) ) From Eq. (6-49), bat cA where W is given by Eq. (6-47), W= (sve) 
Go te £1. eNa = (2 & 3 elie q 
eas A (lige erage eer hes 
Thus i = Gas 5'F x 22 aS" =2.9x10'° and Cy=24ns°(Ne\* Oe 
pe or Cr= z.9x10 7 (Na Aye PF/em> GED 
= 
b) A= te = (40 x15” in X2.54 om" = = $.14x%10? em? ) =< e pti me 
& 
Na SERIERERGSS = 258XIO'% fem | Vy=540.29 SE a5 v 


= 5 r 
Hence, C,=2.9xI0 * (38a es on, “en or Sq 


—2 , m cA \e 
From Eq. (6-49), Cy= <7 0 OWhere for Ge c= mee ciot. ¥/em 


SCee(l6  \ 1GKIS aang 
i, iS eapl 2xI07* TOS vx d 


CB From Eq. 6-45) for 06xenp, BV = able 
KX? 
Since ve =0=V@ xxo sc See we get: 


GV _ Nb and V= 2Na x2 At the junction 
ax ‘Ze 


eNa 
(x= Wp) , av = 2Na Wp ond N= ZE We -+—W, ae 
Let us now, for simplicity, shift the origin x=0 +o the junction. Then 
for OS xkE Wn | ev =- Nr . Integration subject to the boundary conditions 


ax Ee NaN 5 
found above » nemely, at x= oO, av = ——? aud V= Gives: 


dv = ~ No x rs ehaWe and V= = 2Ne_2 + <NaWex + ea 


At x=Wn, VEVe so *hat Zé Eg = —NpWe + ZNaWypWr + RK 
From Eq. (6-44) Chie _ Also W=WNn+Wp so that We Ne Wy * Wp 


or Wp= No W and Wr= NA Na WW 
NatNp NatNp 
Using ‘cae expressions jor Wp aud Wn in the equation for Ve, we have. 


2eE .)- NpNa +2Na Np + NaNb | can ay Tig aNo(NatNo)} 


“e Paincie yi ' 
Nas $0 Mee ew (1) oes 
7€ NatNy ze nical Np 
(6-27) From Eg. (6-47) ol tk -V= = Naw? where Vo=0.2V and Naz 3xio atoms /,3 


or We= 2416 _ _ 
367x109 eer ee ss (.2-V) = §.9x10'* (0.2-V) 
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(Cont'd) @) V=-10V , W? = 60.2x1S'% on WE 7.T5X10™ = 7.79 juke: jbl ieee 


b) V=-0.1V, We 177 x15" or W=).33m <-— 
¢) V=+0: ive W7=059K10'° or W=9077 M ss ea 
2 ~16 
d) C-= G&A — _N6_ (10%) = 142x107” ~~ Fey Ve-10 , Cr= 8:3 pr es 
ee Nes 36rxK109 Ww ) WwW 
=-Ol ) Cy=107 pF and for V=x01 , Cp =!85 pF <j——— 
(6-28) gy From Foisson’s equation we have, ave 5 --£.-a% 
i ae +C, . Since ne -W av R ow? 
ax ZE Se ae a aaah RE 
QV 5 = Se owe (eae aw? 
eax SE Feu teas ais 
: = ~W , V=9 = -oa w? aw? = aw? 
Since Sa 7 Agen’ (ee? Sere 
w4W | V=Ve =~ SW, WI, Ww? _ aw? 
Snes . age? 0 lees eae = ize 
If Nee > Bas Nioitce aw’ QED 
b) A=)? Aodx = = As (Wy = AawW . - dQ _ AaW dw 
Fa ? iE Aaxdx (X \r2 se } Cy = av = Tae av 
4 AV = awe daw Se _ 
From yart 4) , Fem eae Aa See a QED 
From Eqs. (6-54) and (6-40), Cp=te Egy it = SoPen\h 
Dp NYVr se 
z _ 1x10 © 13X2x0.026 2 =6 ' hea => 
or lp = SE Se = (26)*x195 i Ly = 26 x10 cm j= 


39) Cy,= Ur - d.| canine Mx. el, dPalol 


ees 
AV RB (xl= Pi (O)e@ py 


From ze (652) , Ip,(oy= CADp PalO) . ARI) _ AP to) lyn'o 
wh A P,(o) L oe \ Sy Bip OVS ts 
eTe n = tp au ra 
ATpnlo} aout and = Jp ORE ne 
Hence, ee eAlp- oat ‘Ws “LS, Sumilorly we obtain for Con , 
2 
Con = =a P 
YP wm 
at) From Eq. (5-46) with &=0, Syn __ Frome . Dp, orn W 
t hig ox 


3 
M/ - : 
HE Pn Pro= Pree 1) 6 P+ FOO (2) Then Qfn = DE CaNe Gwe” (3) 


and eq. (1) becomes Dp Se = F(x) Vw Gone fre (e Na 12 LP FOV é a 
a 2q. (2) ie with respect to x we get : 
dy te = Pepre (ein _1) Sr, 0, BED, eit a 


z . 
- = Lb» Gy =e, | Mi vq ~*/L 20 (x) jwt 
From Eq. (5 “4 Freie CN ibnaeees om (el Ne Ys Dy 
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6-3!) (cont'd) Equating the two values of prcace and simplifying , we get 


2 
Ve aS = (jw eA = {1 Sat 8) F(x) or at — ans ieti I eae o 6) 
Typ 


_ (4 jwt,)2 (1+ jwtpy ae 


The iss ficwecs eq. (S) is F(x\=ekK,e Ly + Ke ee ee 
At x» , F(x) must be finite aud therefore ki =0 
F(x)= Ke waht sai ee a am QED 


b) From eqs. (2) and 6) + 
. i: ~ 
Pu-Pro ~ Bo (2 Na 1) ely 4Ke ~ (1+ \wTp) “Alte we oo 


(7) 
V, ae jwt 
At x= °, Pr- ~Pro = Pre (Oyo =1) = Puno € et (1+ Yee e Rem aie: 
= Pao (24 /Vx —\) +n a a (8) 


Comparing gs. (7) @x=0 and @) we get K= fro © Ny gg 


WF: 
¢) Eq. (7) becomes . Pn- Pro = Pho (oi Mri ye Yep, Pre ov Sie es ae ay 


caus 
From Eq. (6-18) | Ipn(o0)=-eD,A Pe \_ = Dyas Vaya Ye Me (ya wep Ste 4 


=. + aka cl ate C14 jurty)!* Ve fast (10) 


where I, from Eqs. (6-19) @ xxzo Qud (6-23) is the direct current 
corresponding to V,. 


Mv 
d) For WTyp <I, (\4 jwty) a 5 (jwTp)+--- _ Also Sp = Olpn cM = 2DpAVYre ¢ Na 
OV 'Vev, LypVs 


Thus, &9-(10) becomes : Ipn(0) = I, + gp Vm e+ Cp Vnevt QED 
where Cp, = SP Op 
€) Foy WT >>! (14 jwty)2 x (jw)? = (WT), Yee} Ya ee ie +3) = wr)" (i+ j) 


Then &q (10) becomes : 1,,(0)= I, Sane un 2 ith ew 
where Cpp= (5 \2 Sp GED 


(6-32) a) Assuming that Na<Np, we hove from Eq. (6-46) , V= any x* . Then 
ves x“ = 2Na x the electric field is maximum act the junction , ie. 


at X=Wp= Ww. -. Sn = eNaw = as where Vg is given by Eq. (6-47) 
es w(zeVe\2,. BN) a 2a _ (2eNaVe\2 
B) From shriol eS Daya 2°) Bar oar 5 (2eVe a é 
or Ve=N2= ae QED NA 
A 
6-33) a) From Prob. 6-32 , Ve> SS = : Sp=Naepp or eNa= ae Substituting, 
Na 
_€ C5 > 25 ik 4x10'4 | 
Va iy is2o, = a Ne iS cjx( aie" ran 2) (\B00 cm emt eh" ~ ) a cgay 
Va 7 where Sy is in (Q-emy’ QED 
L) From Bay S-1, = ws ~. Veg = 5IX45=2300V <t—— 
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(Cont'd) ¢) Now oy= gig (Qeewy! 2, Vy = 5IKB.7 = 188 V 


Led a Vere Ce: 02 i2-<m <+——- 
da) From part (A) , aoe fp Y= 


qs 


(6-34) a) The current is the same in each diode but in one it is inthe reverse 


direction. To obtain a forward current equal to the reverse saturation 


eurrent requires a very Small voltage. From Eq. (6-33) , Te To(e/Ys_\) =1, 
For Ge =l and @ T=300°%K | V+ = 0.026. 


Thus, oy re or Vz 0.693 x0.026= 0.0183 V 
Hence, the voltage across the second diode is 5-0.018 = 4.99 V ) 
Since this voltage is in the reverse direction, then the current is 


Lisle ( ***/.026 -\)«-I. This confirms the above assumption Shot 


saturediou current flows. 


Note that the magnitude of +he voltages depends pon the 
temperature, since Vr = T/I1,600. 


b) If the Zener voltage is 4.9V then the vollage across the reverse-biased 
Aliode is 49V. This leaves 0.1V across the forward-biased diode. I¢ 


Tlo=5 MA, then L= 5x10¢ (2° %e _)) = 5x10°(46.5-1) = 22% vA <}-——_ 


a) The voltage across the forward-biased diode is 3V. With To=5 pA, 


I= 5x10 ° (couse Sh) =5xlo7e7 Taking the logarithm to the base 10, 
Loot = ~6 4 2095 +115 x0.434 = 44.+log5 or T=5x10' 7A J 


b) There are 2V across the Zener Aiode. Hence , the rest of the circuit 


Consists of a B-V battery, a forward-biased diode and a 100 
resistor in series. the intersechion of the load line 
with the dicde charact 


: eristic gives the solution bite 
graphically, Analytically we can obtain the solution by ae 
a method of successive =yproximations. Vv 
a ka neglect the diode Notage,V, then the current b ag 

1S jos = COSA. The next approximation to Vi is 0.032 5x10° (20-0261) 
Or uke RAY i axio> 


at = 6XIO” % (0.434)(38.4V)= 3.772 or VeOz7Z7¥ 
sxioe® 
Znd_ayprox.,. ys 220227 22.977xK157/A ; 
oS 


0.434*3Z.4V = 3.743 ey V= 0.225V 
3rd _ cpprox.: J= fA Ly 


ae = 2.77x107A . Since this current agrees with 


the previous ayproximation, then this is the correct value. 
Hence, T= 27.7 mA ee 


38.4V 277x109" 


3 
= FGA *NIS 
< 5 nro & 


(6-36) a) The sclution com be found graphically by plotting the diode characlerishic 


and drawing the load line as shown in Prob. 6-35. 


Using the method suc \ a ayy. Pe 
drop ea to zero, I Bee, ae | Kren mesiona, ©< hot 


Saree a For this current V is given by 
Zoxid? = 10K (2° 4 —}) au en TY 3000 and V= 0.208V 
Hence, I= 3=5208 = 29:3 mA. For this current, V=0.2V +. T=29-8mA qe— 
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(Cont’d) b) the diode vollage is-30V and L=-I.=-10 pA. +— 
The voltage Grop across *yhe \K Yesistoy is only \OwV aud moy be 
neglected. 

c) In the forward direction, the onuswer is the same os in part @), 
mawmely, I=29.8 mA <+— I 
In the reverse direction, we draw a load line from 
V=-30V to I=-30mA as shown. Then I's -30%22 =~20mA <$— 
Alternately, there are l0V across the diode , leaving 
2O0V across the \K resistor .. current = 20 mA. 


With Vi=Zov the Zener diode does not conduct, 
Hence, 20 = (Ri Rit Rw) = (99.5 40.56) x9 I i 


or > ea i \ 
L ae Zoo pA (Full scale) 


With Vi >20V , the voltage across R, aud Rw (meter) -! 
must be equal to the Zener voltage, Vz=\6V 


or Rit Re = Me JG -gokK «Rx 795K ond R=20K +— 
I 2x10* 


(6-33) From Fig. 6-!9q , the temperature coefficient of a 5.71V Zener diode i's 


zero when 13:=5-1 mA. Hence, R= ens =\S.5K <+— 


For the Si diode the temperature coeff. =-1.7 mV /o¢ Avalanche Si 


Tf the series combination is to have a Zero temperature 


cooficient , then the temp. coeff. of the avalanche diode must be ot 
the biasing current +).7-mV/°C. 


=3 
In percent , temp. coeff, = ae (lwo%) = 9.013 BH /°C t— 


To = MA , Tor=2 pA, Vz,=V2_=100V. From Eq, (6-33) , 
T=elo(Qt_1) we get Via nVebn(\4l) W) 
Assume khat the Aiodes are Si so that m=2. oy 

a) ti) V=9O0V: None of the diodes will break down and T E 
is determine by the atode with the smallest To jie. Di. 
Thus, T=\ pA aud for D2 T'=-1L=-\ pA. Substituting im Q\) we get 

Vz, = 2x0-026n(i- 5) =- 36 wV and V\\=~-39.964V <+— 
di) Veniov : As the ayplied voltage V is increased to ov, DI will 
break down, while D2 will be reverse llased. 
Thus » Lelo=4 pA ; y= —)OO*V aud N2= -!OV +6 
b) w) V=90V. The 10M resistors tend to equalite the 


Voltages across the diodes, thus lecth diodes 
ave reverse biased 


Hence, Ty=TIo= Il pA , wesc Bh aa td We pil 4 rome -% 


4 


(Cont'd) From the circuit we note knot 
Tak =T,4+I2 or aH = ToSsyy PT, = eae yA 
a = -Mt ie Va A (3) 
Substituting 3) inte e) ve get . 4 = \*+ _ 
or VY = ES This is valid for V<100 
Heuce for V=Jo , Ny=SO and V2=-40 —— 
(Wt) for VW=WlO , V,=-60 and Vi=—50 <}-— 


(2) 


<-——_ 


~ Nmin = 50+ 60x16%) (3190)=162.5 V t— 
Vinax=50+(65x10°) (3750) =295- 8 — 


6-41) 2) uf Lez ; R= Zoo Woe. = 3750 | 


40X10 
Imox occurs when 1p=5 wA 


b) For Van * en eee ZOwA. 


Tod ne renee ae 2 mA. :. 


mole 2. 
2 19 
Na Ree o Jc N No ) 441x107 
From Eq. (6-%) and Table S-1, Eo= KT &n TAL® = (0.026)(2.3)(2) Log, 2.5 x10)? 


or Box O0N2¥ 6.245 = 0.79 e\ ‘ <p-—-—— \ 
§ \ Ne NSE eo v7 
b) From Eq. (6-47) with Na veplaced by Sie Nop Na » we Now 
Jk MNS SB Oa oe 60.2 x10'* awn * 


he Wa 
We co are SE ER ROM RY TOPE EC: f 
BET xX107 ¥ 4.41 xK10'I OF KI.OXIS 


2Na 
N= TR IO wm = TT LA 5% in 


S 3 \mol-e 22 
(42) (6-42) 2) N= 6.02 x1F? atoms , EG Ps. = 4.41K10~ cttoms /cy,3 


ole 2g. 


6-43 = 6.0 23 atoms \mole 22 
6-43) a) N= 6.02XxI0 Seon x 2g. g x 233-3 = 5X10 atoms/en3 


ee SUS IO (dat (iowa (6-2), ava fem a 
= kT Qn NAN! Lewy = 0.026%2. 3x2 Slog, 227 ike | pe wet 

b) From Eq. aan with aR veylaced by ie ne = ui ,we have : 
ae ene ~ 36m x09 Se ReeAR ured Ga = 57.7 X19 § om 
ovate 


BO ENNo= 76x Oe ow ea C76 A 


6-44) oy From Eq. (6-6) for wn wmerterial | Ee= Ec -kT Un a . > Eg=tEc , then 
Ne= No» - Frowm =a (5-10), we have ea that Mar=m , 


Z 3 
N e=2( | Ya aed X9AKIO* x1L38KI673x 300 ya at 2G) Ee 


gttxior &8 
~ Np = Na = 2-5%107 sem SS essa 


b) For Ge , Np=Na Berries » Same as for Si. <-— 
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6-49) cy As we incvease V starting from 


a8 
Tp 
0, for V42Vp , the voltages acrogs 
the diodes are equal and = T 
ineveases linearly with V. This is 
segment OA with a slope 4 pa : 
Now assume that the peak r 
current of one diode is slightly + 
diferent from that of the cther 
(a vealistic assumption). Then as 


Wt Ve Were) 


(Vy+4N,) 
V exceeds 2Vp one of the diodes, 
Say Di, goes ovey its peak while Di D2 
the other, D2. retreats, thus causing oa SS eet 


She tota\ current to decrease as ieee, ie 


V increases. This corresponds to 
segment AB. When the voltage acress Dl reaches Vy , *he voltage across DZ 


is «LVp. Hence, at the first valley poivt the current is Ivy and the voltage 
acy e AXiodes is Vy+-lVep- 

a ay ete ti Bader, ine curnrent ond velbtages egress Lhe Sitoces: 
increase (segment BC) until diode D2 qoes over its peak. At this yoint, 
Vp\=Ne and Vp2=Vep i.e. the second peak of the composite characteristic 
ocours at VEVetVp and T=le. Once more the total current decreases 
as V increases (seqment CD) until the second valley yoint is reached 
at V=ZW and T=ly. Beyond this point, the current increases linearly 
with V (segment DE) with a slope equal bo + that of tre Single Atode 
chayacteristic corresponding to this region. 

b) Tf the diodes ave identical, segment AD is traced. 


With the chodes in poralle| 


we mote that for anu + 
ayylied voltage, V, the 
total cuvvevit I=1,+I, = rT V D2 


Thus, the composite characteristic 


is as shown, with the current 
at a given voltage twice as 
large as that for a single drode. 


_ 
—_—_——__— 


aA) The com posite Vea chavacterishic 
of wo TD’s in serios with 
1Ip,=9-%Ip, is shown Wal the plot . 
See also Prob. 6~45a. 


b) If n diodes aye operated 
in series , there will be 
n peaks aud valleus (W+Ne) (WetVe) 
of varieus values. 
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L, 


i ot eee 


b) Load line equation: u,4tR=Vs 
or Uy + ONL = 0.4 


This is plotted on the composite characteristic. From the ivtersection 
we get > U,=0.08V, 1 =3.2 wA. 


Hence, i, 4mA (from the single TD curve) 5 t,=i-t = 4-3.22 0.8 mA 
and Va= ZVs—-vV, = 2%0.4 — 0.08 = 0.72 V aa 


c) If the current in one diode isto be zero » Say t2=0 , Cout the 
diode is not open-circuited) , then Vi=0 and khe lower Vs 
battery in the ciycuit appears across R. 

Then we must have . V,: 2Vs (\) 
and -t,R= Vs (2) 
Eqs. C(t) -2--t2) are satisfied on)y if \,=0 7 Ure 9 and Viso'=4——= 
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(Cont'd) 
A) 


Load line eg.: v,40.1i = 05 


or L = 5-10v, 
The intersection gives: 


Uj=O0-2TV ,1=Z2.3mA Then, \=3-72mA  v,=0.73V 
e) ne izt |.42 mA 

) 

2 


; =< 
Load line 2Q.:VU,+01= 0.2 


OF -ba 2H); . 
the intersection gives. Uj=0.0905V , L= 1-1 mA. Then, t= 4:5 A 
lL, Z4wmA , Vr= O.31V 
From the circuit, i=iptin =i,4¥ . the composite 
chavacteristic (i vs. v) is to have no negative 
vesishtance region, AL >O fer all wv. 

A ac Av 
Thus, Gt . Stk - 


-_ 
From the ae aD SS ee we Fone fen ate 
mox 10 


[Wo [5 |e] ao o|s| 
aff [asses [fot 
fale [sols 

Fi [e [is [ashes 


0 100 200 


300 400 UymV 


CHAPTER 7 


Die a) 
b) 
ae 
a) a 
DEOEREDEHENED 
pevempalaleln[ofel el = 
exempt 2 
. BSSeSecmom 


| Vq [0 [-.5|-1 [-15|-2 |25|-3|-35]-4 
Ye @ Tp=-7 [23] 67 | 13 |167]216|267]315] ze4]410| 
| =1.4| 63 [111 |165|zi2\263[513|365] — | — 
| =i} 9] iaifr9a|z4q|sou] — | =| =] = 


From Eq. (7-1), tp=G (Vet mh 5 dea Oke (ie as (ee ee ng ( ip)" 


OVe ly Ls G 
Hence, \p = Se varies as ip™ where m= Ta! QED 
: 2—\ 
J me > n-| 5 *™ - 2 =i 
m= Sie = NG (Va+5P)” '=nG@ (2) nm . hus, Gy varies as tp . If m=z , m= 


3 
™ ah J 2. = poe = zo = 2xKI0 (2) 
(1-4) a) Me 250V = const. , Aip= 12-2 =4~wm~A. From : \66 Bt Sie we Yr coe 


Die _ axis? aN, pele ca 
. QUe® ZxIG>  Bxicos 2V S 


b) Tot =const. From yp. 166 , DvUp= Vp Dip =10x C4) =-40V_ -. Vp= 250-40=2)0V <-—— 
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at) From p: 166 , Yp= fue \ x 375-200 ~ 15 _7.3* 
Ai to citionv, = 
Prive 26-2 24 
poe ave | 4 ie A 250-208 2 
AUG iv io. > ao av S 
Ip Lele, a atao~250>.-740 a erage W=20.5 
~10-(-8) 2 
Ga = fie i hs 15. 6~- 8.9 Mee. 3 
UG Ip ~ ee ee Er 
below SS3- 4.4 St Ach 2 2-2 Wrage Gin S mo 
~$-(-10) = 
Check ; 


YOu = er 7.3xX%2-8=205 = oK 


b) 4 ¢) 


ROeore 
pol 
elope 

8H 13| Tabs 
ile 
rll 


From p 166 ' 


| 2 


AUp Ve.~ Ves Aire 
eS By AEE =i = a) 
} Ave . CD ) Gm Bvaly: ton 


G-7) We have that ip=Avp+BiqtC From Eas. (7- 4) 


ey ay a gee . 
\30e Veg ‘p ph Cres Sear gat fh sap re- 2 and Ug=0 , then Up=Vo 
or O=AvU.tC and C= -Avo=- = ¢ 
: i 
apa 
Bene le Xe Wena ra ‘§ % (Up + MUq — Vo) Since P=Gurp . QED. 


a) If two tubes ave in parallel, then the curnevt change is double that 


of & single tube for a given change in grid voltage. Hence, 
d= See ts dowblect. 
If Va is constant aud the placke voltage is changed, then the plate 
ecurvent is aoubled for a given change in pa voltage - Weuce, rp is halved. 
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= i _ Ai ’ Ai 2. pe. At s zs M ° 
(Cont og) b) Fun, = re | y Gmz = Roe ) Se fava as where Atp Ato, +Atp, 


Hence, Oy = Sn ites 


In a similar manner we tam show that Fp= oe ya, Feit Spr 


Ave 
Sinee G.cee Tne ee Sl ee = pF pr 
) = = —¥ P 
Vv, 
= Gm Vp = (Fw, + Om, ) _Yp vp =) he BiVion + Map, since = OGmMp ; 
Ypr > Yp2 Ypu - Yp2 


Sina ae coed aT 
Gm ~\OVa Np ~ Ave Ve 6 e250 aes 
5 Va@.=150V SL 
4 
Mai [5 | 1 [1.5] 2-25] -3 | v_ ; 
lel sfealeialinfa] 
0 


a) The slope of the plate characteristic 


is O4mA in A00V ov 


- 40 ¢ 

Yp= aan On Sul IM <_— 
Ue val we one AES 5. s:@ © 4 
) 115-31 3312.4 Son AVe, ia Tact ich 

=) Ss Bi Shee ou), cathe <-—_ 

c Se a ea : 
) om =P Bee 2.3 mw 
2) M= JmYp =(8.4x1G5?) (10%) = 3400 = 

P= ave | -. For AVg=05V , AVp=3400x0.5=1700V which {s 

@ 'Ip 


way off the curve. 


a) 
From the plate characteristics of Fig. 7-12 , we cbtain at the 


intersection of the load line with the -ZV bias voltage curve: 
Ip= 5:9 mA and Vp=|85V Kies 


b) If the peak~to- peak swing is \V around the quiescent point of 
part e) the output yeak-to- peak swing is 225-140 $5 \a¥ > a 
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13) 2) From the load lines foy Rx O, 10K and50k = 25 
we find the intersection with Vat-4V to 


be , respectively, 23.588, Sand. Z-7mA 
b) 250, 165 and N5V. 


@) For IpsiOwA and Vg=-4V we find Vp=179=250-10R. 
or Ruz 7-9K 


oD) For Va=-8V and R,=10K ; We= ZiCV 


Hence, IlpRL= 250-210 = 40NV 


250V 


(7-14) a) For Vp=250V and Va=-2V we find that Tp=!.2mA. 
Vep= Vp +IpRu . For Ri=SOK , Vpp=25041.2%50 = BIOV 
For Ru=!100K , Vpp= 250+1.2x100 = 370V; For K.=200K , Nep= 470V 


b) From load lines drawn through She Q-point : Tp=l.2mA , Ve= 290, we Gnd: 


P Re | Va |tp=Iwoxl] Ru | Va | Te= Tin | 

SOK 3.2 mA 50« ~AN QO wA 
100K 2.53 \OoOOk — 0.2 
200K 200K - & 0.5 


2-0 


¢) 


Dynewmic Transfer Characteristic 
unth R= look , Vpp=250V 


me 


(7-18) ay) Tf the tube is cutoff t=O . Thus UsziIOy lores 


Poy tees ieee 


es Na 
RSE SEEE 


Re ete nohs oes 2p ico hig) D6) 
b) From = 100K load line and Ve=0 we Lind 


L=I-7 mA . Hence, Ui=Ve=170V 
Uo,V 


d) From the plot we have: 


U 
A= Ave = 170-26 Pros ed 40 BO 120 160 Viv 
AVi 170-235 as ‘s 


50 


From the circuit, KVL in the plate loop gives 


150+ Vex = Vp +Z20l1pe 
Draw a j\oad line through the yoivits Vp=\504VKx Tp=o and 
Ve=O , Ip= ae for Nix =O, 50, 100 and 150V . 
KVL in the grid \oop gives : ~NV; +Vq +2019 —-Nx = 0 Thus, 
the bias curve is defined by Tp = Vit Mec Ve aud the I 
ivtersection of this curve and the load \ine gives Ip and Va; Then , 


Woe ZOle—Vux. or No=Vi-Va. We find “in tabulated form. 


Tey 50] Ven] Tr [Vea] Vel 
eet ahe 
50 hSAcl=2°1 52 
100 | 7.55 
-——isofto | fo 


(7-20) a) Tf vero, then there are ZO0OV across 50K or Awm/A 


dube current. For Vp=300V aud Te=4wA , we get 
from Fig. D-4, Ve=-4.5V = Vi 


\ 10K Vo 

b) F Vi=z-l00V, the voltage from cathode to ground = 
is slightly larger , say, -95V. 
Current is 200-9 


Hence, the tube 


-Z200V 


—o oa = 2-9-5 =-7T5 mA, Since a negative eurrevt 
\s impossible | Mievethe iniise Snust! be Sit ott. Then, 


Vo= F200 x10)/(104 50) = —33.3V —— 
As a check « Vgk = —100 — (-33.3) = —67V which is well below eut ff, 


ce) I Vo= SOV A then Ip= (504+200)/50 +22 1OmA and Vp=Z50V . Then, 
trom Fig. D-4 we find Va=-2V | 


(7-21) We must choose Rx so that the output swing 
from cutoff to Ve=O is at least I50V. If we 
take Re=1I90K, then at Ve=0, Ipe2wd and 
TpRx. = ZOOV. Hence, this isa good choice , 
Rre= OOK. 


We choose the quiescent point in the middle of 
the load live , between Vq=zO aud cutoff . Hence , 


= 


if we take Ve=-1:5V, we find Ip= 106 mA aud Vp= 194V. Since the gain 


of the cathode follower is ayproximotely unity , the voltage across the tube 
fey +75V input is 194475 


or from \\9 to 269 V. Since these extreme 
outs are within the grid base of the tube (Vq=0, Vp=ISV and V=-4 
Nore BOON then this is a satisfactory design. 


Hence, R,=!Val/zo = (-S)A.o6x153) = 141K d— 


With Ry=zl4ik Zé Res look , the above results will not change aypreciably, 
if Re is chosen equal to look. 


<¢+— 


5\ 


OZ) Draw a \oad \ine for R=IOK ond Vpp=Z00V. Then we Lind that she 
current at Ve=o 


is 107 mA. Cutoff is at Vaqz-12V. In order to avoid 
distortion near cutoff, Jet us allow the grid to swing No more negative 


ps 
than ~10V. At Va=-10 , Tp= O07 mA. Hence, the total swing is Alp=10.7-0.7=10mA 
the quiescent current is |O0.7— 


= =5.7™mA. The corresponding ie 
is Vaz -4V. Hence, R= = = 071K = 70010. 
At Va=0, Ip=l0.7 and Weevo=z10.7x1I0=107 V. At Va=-10, Tp=07 mA 
and Vor 07X10 = 7V. Thus VWiz-10+7=-3V. Hence, the total peak-to-peak 
inyut signal is \07-©3) = HOV 


<j-——-——. 
Incidentally, the total output swing is 107-7 =\00V which means 
Ynat the voltage Gain is 189 = 0.9) 
Wo Nancy Vr =233V 
a) From thevenin’s Theoyem, V+= 300x 22 - jo0x!2 = 233y 
60 60 
and Ry= SOXIS - g sexu 
+ 
Draw a load line through Vp= 233V ard i 
The bias curve is Given by 


ee azoua Vanes 
Pood: wA 


rey) :m 
pierre (lay 

' Ke Gq mA 
The iutersection is. axt Vep=\15V 


md Tp=6.2 mA <-—  -lo0v 

b) The voltage from plate +o ground, Vv’, is V 

Asa check : V! = 233-(¥.330(6.2) = 141.3 Vv. 
Using superposition ,we have: Voz zo y’ 


Zo y'- 22 (108) = (08-S-40= 64.5V qe 


‘e TpRyt Vp = 62+I7T5E1Z.2y 


CHAPTER 8 
(=!) ay lp = 410% (gtto.1uE)'? 4 gp= 


Oo Gp=3xI0~ 


St he -5 0.5 -5 O.5 
ae a 6X10" (Vqa+O.1Up) “= 6x16°6 204.45) 
and pas = 4+ x104 = B3BK. 


= — QUp a, 
P Ma =| @) gs 
b) Ip= 4x10 *(-204 45y> _ 50x10° A = 50 mA aus |y, 


Then , Ver = Ve +TeRi => A50+ Soxio = gG50V <j} 
C) Xe= <= lof 


2n¢Cc ZT KIOFKO.O16 Ro) , ZF i =(5-}5) S 
‘ ‘ . ~J 
From the equivaleuit circuit shown, we find using 
voltage Aivision Vo= ~20(5-j5) ° 
Seoteee =~ (As (166 d 
5-35 +3.3 ? M 


(2) crow the equivalent eivroutt shown , we have 
— MUgk +l (Rk+Ri+ Yp) = 46) where UgK= Vi vies 
or — p(Ui~iR,) 4 (Red Ri+rp)=0 


a ier vi 
Crs a Yt Rotem 
Heuce, Vop Sth as BRU as Lt TrptWOR] 
n a Ri+ \yp+ (4 1) Rx J 
by Monsiceriug Ru external tothe amplifier, we have Viz Voe= Lim (IR) 
or Vth= Lim eclaietlad NST = = NU, s  Tee = Um (i) MU; Ri» 
Rixco Rit Lrps (mtn Rc) ie? Fe Oe Ra Yot(paR 
Hence, Zout = ec = Ypt+(MtO RK = Ro QED z i 


ore 


a) The same equivalent circuit and expression for the current is used 
os ine Prob: S-=2:. 


so oa MRK Vi 
Then, Vow = UR = Ris Vp +(MH) Rx 
Ry eo Ry wee RL+ Yp +( pry Re pr \ 
Lewe Qivn CiUjpe City. eee a ; Roe Vor = Ri+ Vp QED 
Reo Ree RAMA (PH)R« RL+ Vp Ise M+! 

From the <quivalent circuit, we see that Vok= Vi Bere Snr Sat 
TE the output were short-circuited » the short-circuit 4oK ®) tr 
current would be, I = Vi - 30vi _ _ 2Qq9Vv; 0) 

50 Ss 50 reall 
HE the input generator is shorted the adwmittonce y 
. Co : a mea | 
seen looking ak ye ae output is Y= me tT rhe Be 
Th Vet. 235 =. peo 19 71 Mare No 
‘x ap) MBERe/oo ee Whe Neve 1-7 a 


t 


8-5) KVL in the two loops gives: 
-Vi — 30OVgk at 95 ay mets Us: =o (\) 
30 Vo k. es ST, 45 TC re) (2) where Vgk= Vi- 401, (3) 
Substituting (3) iwho (1) and (2) we get ( 


30Vj - 12051, +151, = 0 (5) . Adding G) and 6) =: -Vi490I,+1I01, =O G) 
From (6) we have: I= Mio _ Je . a), From (5) and (7) then we get: 
qo 4 
3OVi - 1205 Vi 4 1205 7, 415T, = 0 or T,= - OWN; 
qo q 
mot (Are So" 7, Oke oot pea 
Vi We 


21*10?x3x10! 


Meshes | & 2 give: 20Vi +60T,-50I, =o 
— 501,+(i00-j53)IL= 0 


Oro Ls (2j1-06)1, and -20V; = 60(2-j106)1.-501, ; Vex S0I, 2 —30%29%% 


70~-j 63.6 
roa ong 


oy Voz (- 7-44 57-1) Vi anda A= =. = -7-€-jT-\ = 10,6 £137.7° 
4 


Meshes i Pee give: Lela 2 be =O Cra. = rep 


OVgk ~21, +(4.54j20) 1, = ° 
where Vgk = Vite, es Ped 21% 


Substituting , we have: 5(124+21,)- 21,4 (4-54j2T)(7],)=0 


-60 ‘ va 
ae 


Voltmeter thus reads l0rlL,[=10.15 V +— 


or a = 
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3-8 I(Ri+ 2¥p) + Vg + YVoke = 


where Veki= “i 
and Vox2 = 2 Vani oa Iv, 


= No + MN, + Typ 

I (Ru 2\p) = MV, te V2 + MPV + piry =o 
—P(M+IVy — MV2 

Hence, Vo= IR. = Pa en ae = Le 


21.51 + 20Vox, +20Vg@x2 = © 


where Ngks= 
and Vgkz =V2+10.5I + 20Ngx) 


V+05I 
= V2+ 20.51 420V, 
Substituting, 21.51 +20V, +101 +20V, +4101 4 400V, = © 


ree 
. Se ao ON NE Os iy 
a) If zo , T=- S22= 951V, i 
= -10.5I -20Vqk, = -20-5I -20M | 
Ne = 20.5*0.951-20 = -0.50 <+— i 
i] 
Lb) If Veo , T=-20M2 ~~ 0.0453V2 3 Vo= -10-S5T-20Ngx, = -20.5T 
441-5 


vs = (20.5)(0.0453) = 0.92% 


yo 
2 


(8-10) ay The equivalent circuit under the condition 
that the signal curreut is the same in both 
tubes is indicated. 

KVL in loop 1 gives: 2IRL+ VVgk2 +I, =0 


. Thus I(ZRi+r) = 1 ae 
Y= 2Ri+tp as 


where Vox =- Ivyp 


ZBueqeele QED 
ie nye ake 
b) KVL in loop 2 gives : | 

(ZRL+Y4 yp)I = PVs A= Note — 21K, 2-2 M \Ru __ Zen 
2 Vs Vs 2RL 44, (watyr 
(pst) (2+ ¥p) Yt! Ro Yp/> 
Vp+ (M4) Rx ns 
=) a) Locking into the late, we see the equivalent circuit - 
LL +(vIn RK +R] = Ue Or i= Va 


Yp+ (pti) Ret h 
VUpn = [p+ (RHO RK] = Vp +(B+!) Re we y K L 
Yp+(Wt)R KARL 
VaR 


Vp+(bt Ret Re 


b) Ukn = calcey 


<j}-—_ 


¢) PaaS into the cathode, we see the equivalent ctreuit: 
i (Re + ak) = =VUk. Thus 


=(pHnR 
Se eee 
Ypt Re (Yp+ Ri) Vv aeeieosa cals. 
and Uxn= i tetkt) = Hie RABE 


Vet Rit (Ms Ric 


js 
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(8-11) (Cont'd) AB) If Ri=O and (pr) RK >»> yp , then frow &) Ven NaWweres, Veu - 


(PAN Ry ° pl 
Thus, any change m Vpp is ctivided ly the Lactor (+t) >>I. 
From (ce) , VUkn = fines aud a change in Vex is divided by 
+) Re 


RK 
(p+!) aS SS 1 


r 
Hence, the output voltage of a cathode follower is insensitive to 
niyyle in either the positive or the negative suyyly voltages. 


R,=VpqprdRa PR 
Between the plate of VI aud the bsitom of R, the 

circuit behaves as = resistor whose value is Ypt (pr R ER 
Since the plate of VI is at signal ground N, and the 
bsttom of R, is at the plate P2of VZ, them this R} is t 
the load on V2. Leeking into the plate of V2,we see the civcuit shown, 

If R=aRL=ER, then R/ =R awa) we -ES aay og 
The impedance between Pr aud N is RVR 


The andlusis is given in Prob. 2-12. R= w+(mri) R= 62 + lolxz = 264K 


Re = 62+ (01X1 = 165K . From the equivalent circuit , we have: 
wah -MUsR/ _— -100x5 x 264 _ ie {ove 1 
on Ri+Ri 2644163 
Wee Ri Ref ey 264 4163 a amin 
“ Kis Pe 
The signal voltage from G2 to ground is 400 a=ebbJmv| Va ) 


The signal voltage from G, to ground is zero. poets 
into K, aud also P. we see the equivalent circuit shown, 


where we = aK = 0.15 K j Vp + (PHI) Rx = 7-2K+4ExK01K = 12K , AV gia = 47% 0.672314 
Va = + 0.021 wV 
ane | a 4% ; 

Hence, Upey = ae (0.0211) — ar (31-4) = ~0.367 mV ack 


@-'5) If ided cathode followers are assumed then K, is at ground potential 


and K\ is at @ potential v aAboe 


Ground. Hence, V ts impressed 
divectly across r aud y= V/t = Io = 50K 


The equivalent circuit looking into each cathode 


is os shown with R= pai Bed VE KS O38 GPK 


We may approximate R in pewkallel with look bby R. i 
Using Tthevenin's theovem to the left of K, and N, 


we obtain the one - loop circuit indicated. Rake Kz 
at (-Z0O3 yoo | + 
Sil y Semen Ge ee ——_———— | = 0. = ‘ R 
Z ( 2) 100.367 omer cerita a R) 


b) The parallel combination of look and Ris JOR __R ae a 
100+ 1+ Rico ~ © F50 
In the approximation used in te) , the second 00 
ovder term, Rico was neglected. 
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] 
(8-15) (Cont'd) the the'veniu’s generertoy is 209. 199 = 9.52 SR a) 


21 \oo+k \+R/ \oo 
9.52 (I- R/joo) _ 9.92)(\— R/i00) _ 9.52 R 2R 
Then, Uo i e2ev al Samana a tee Were) eee 
= ( 9:52) (1 - bat ZR) = (2-52) (\- 0.0527R) where Wigher order terms 
——a 100 Y Y 


have been neglected. 

0.0527R= 9.0527( 2) = 0.0927x0.367 = 0.019 . If vp clecreases ly 10% 
“~ 

and \- stays Lasley, then FR decreases by 10% or 0.0527R bby 
0.0019. Thus, the current increases by 0.19% aud the voltmeter 

readings should be decreased by 019% in order + be correct. 


} Rx te BLO KED OU  FOOn 
From TSN DS Tes Yee 21828 pt 
For Yp= 24K, A= re aud tor Vya Bi Z abe a3 
500, 500 = 949-53 909 
j he %, change im gain ls wt Reaper ge 7 ere De %o 


1600 he ce 3.0 9 QED. 
533 : /o 


The equivalent gircuit seen looking into 


the cathode of VI is shown in (er). Looking 
into the plate of V2 we see & resistance 

Yp+ (M41) Ri = 2%p+Rp ond generator 

(M41) Uk = Mv. Hence, the equivalent circuit ts 
as indicated iw tb) , from which the current 
is eee lak 


a <-— 
Z2(Yp+Rp) 


(@=18) a) The equivalent Civcutt seen looking 
into the cathode Kk, is as in @). 
The Thevenin’s equivalent civeuit 
at Kz is indicated in (lo). 
Looking into the plate of V2 we 
see = yesistonce 124(U4t)R.el0+2002 “= 
pty ae ar 3 
=20K omd & generator (P+) VK a a 4 
= I j Wun ails 
= 20( 2 v) =9.5U . the equivalent circuit between BR and ground is shown in 
©); from this circuit the gain is A= Yor 25X10. 317 
b) From ce) the 


ae 
= 667K <+— 


: V 

(mpedance between Pr aud N jis 20k\{loK = a 
Lo) 

@-'9) a) From Fig. 8-l6b it is obvious that i via 


WSU Ee. Abs 


ia (maiym, | Fh is te exceed ta by less than 10% , thes ea: £0.) 
+) 
et Rice ae QED ae 
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(8-20) a) From Fig. 8-l6b the short-circuit current | Tse from the cothodes +0 


au 
ground is) I, = (ii) /( tke) = 


Tp Re The impedance ,R between 
\ne cathodes and Ground is RK, in parallel with + Yp+Rep or 


Vik wy) 
re ei Maet) Re _ (p+ Ry) Re 
SUR) aR | HPAP HZ (MORK 
pi 
Hence , Lhe voltage across Ry is Ux = Tee ea = a casey 
Yp+ Ry+2(y+!) Rx 


CY Ux Ale YU! cate 9 ad 
K Aen Pa fete QED 


Tf Z(ptryRe >> typ+Rpl and >>| , then Vex ¥ 


~~ 


b) If Re >> “eRe » then Re may be omitted from 
VU 


Fig. S-16b . Thon the 


vv 
current in VI is i= —_“' __ _ ., \A\= Vo _ WRp MR, 
Yo.+R Yort R ) Siena Se 
Pi Pp) 2 pz VU 
ra “ ‘ RyprtYprt Ypa* Rips 


Since \,~1l2 , then as the current in V1 decreases Srom the quiescent 


value, the current in V2 increases by an equal amount. Hence, as 
increases, yy2 decreases by an almost equal amount and Yet tps 


stays oyyroximately constant. Thus, the gain, A is 
of current and therefore the amplitude distort 


almost independert 
ov is low. 


a) The equivalent circuit seen locking into the cathode Ky is a resistor 

Ye+Re =R and a generator Ya =e - The equivalent circuit seen 
Yr! | : 

locking into the plate P of V2 is a resistor rp+(pr) R= 2rp+ Rp 


3-22 


avd a generator (Pet) VK = Va os shown :; 


From this circuit it follows that v= Reda 
2(vytRp) 
b) The output impedance is Ry inv yarallel with Zrp+Ry 


23 Re (2Yp+Rp) QED 
ou zs 2(Ryp4rp) 


The equivalent circuit seen at the 
plate of VI is shown in @), where 
Yee (MH R= 444+ 71X1= 115K. Its Thevenin’s Ke Ke 
equivalent is indicated in &) 


where Ux= OM) 2 = 2.92V, anck Rx 
Re = 5\N5 = 4.8K ae 
Looking at the plate of V2 we ‘a 


see the eircuit shown in (c) b 
where Yp+ (Mt Ri = 444 71X4-% = 385K we 
aud (uti) UK = 71X2.92V, =207V; 

From +the circuit in €) we have: I= ZRS4+50 
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207 V, +T7OVz a 


Re 


ar 
Z ¥ptRp 


+ Vo 


re ie 


Yt (WHR | yr 


() 


(8-23) sFrom the equiva leut 


Yp+Rp _ 
eiveutt shown we have: Soa =2Ki4 sak 
l= '9v x plies ¥elne 49° Vv 
Of t20 ee. lz0 
A= Mets soles Iga banca. 
-) =; 4 4.19 
b) With v=0, the impedance to the le of KN ts ik. 7 


This ts the equivaleut cathode vesistance, Re, of V2. Looking at the 


plate of V2 we see a resistor Yep (Ws RK =|O0+20=30K. Hence, the 
oulyut impedance is 3okl|30k = 15k <— 


The equivalert eircuit of Fig. Z-lOa is shown: 


V 
Vgk = -V 5 Lye Rp) +(ptryV =o) ov -Te _— 
Me P 
Heuce, Zi ‘ = Jere QED 
— ’ 


G25) a) Tf the vollage gain (with Rg ih place) is A, then 


Ve=AV aud IRg=V-Ve =V(I-A\ ov I= VUSAL 
Therefore, Zi= ¥ = vt i 
b) With Rg connected between iwput aud output, 
the equivalevit civcuit of the cathode Lollower 
becomes as indicated. From Table 7-1, y.\66 
Yee 77K aud pelt for ao I2AUT. 
the voltage gain, A= VKN = IscZun where Isc is 


V 
the shord-civeuit current eekueee K aud N. 


EVE) 4 0.944 : a eae 2 £ 
ME Clone * Saigdac g AZO? Valbag ith 5 ze 7s rage aelomet ieee 


2:20 = 0.926. Tf Ry is considered mfinite, the same result 
2.3% 
is obtained fov the gain. 

oc om add a tardy mM 
Hence, Zi 1=0.9Z6 


Thus : A = 


=\35M qd 


KVL gives : 


oY 


a) ees 
ea + pu + 1(y + a) Ah 


P (M+) Us + MUL = —T] p+ Ris (Mare | 
Hence, Vo= TR, =- POU + Ue 


Ri+(M+2) 4, Ru <a 
= —~20Xx0. 
(527) Sit on Sue x SPE as 
VU; 0523+ 20-45 tet Re PNR 
+1 Rs 
b) If vwzo, ve = LOL KEWD 10.923 gy Ob23K = 205K 
Uz 0.523 + 20.5 
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As a first ayyroximation, assume that Vgk2 = —2V. this places Kz ow P 
at 12542 =127V. From Fig. D-4 we Lind for Ve, =127V ond Vey=-2V that 
Tpy= 1}9~A. Hence, Vp.y,= 250-1-9xI0- 127 = 104V = Vp2- For Vp2=104V and 
Tez = 1-9 mA we fiud that Ve2=-':5V = Nokz imstead of -2 as assumed. 
Now for Np, =12541-5 =126.5V and Ver =-2V we Sind shat Tp,~)-IwA 
Hence, the quiescent curvent is 1ImA and Vp, =126.5 V <—_ 


(8-29) a) Grid current starts flowing when Vaixo . Then Ve. =125V , Vqx=-4V and 


Tp=3.6 mA » frow Fig. D-2. For Tp=tpz2=3-6mA and Vei=0 § Ver = 42v. 
Hence, Vee= Voy + Vez = 424125 = 167V 


b) Since for a given 
Vez the plate current 
is fairly constant 
with respect to plate 
voltage, this resembles 
the plate characteristic 
of a pentode. 


200 300 400 500 Vpp.V 


(8-39) cy As a Sirst ayproximation assume that Vax,=-5V and thus Vpz2=!0049=105. 
From Fig. D-5 we find that for Vp2= loSV and Vae2z=0 » Lpe2=32.7 wh 
For Vpi = 300-105 =1\95V and Ip,=Ip2=12.7 mA we find that Vaix~-4.7V. 
the next approximation is Vex=104-7V which gives Ip=!27mA <+— 
bV2Z acts as a dynamic resistance y= Rei in the cathode of VI. Hence, 
the impedance Ray seen \ooking into the plate of VI is 


Ran = rp tCprRar = (ptzyrp = (742)(77K) = 147K Qe 


0) Locking into the cathode of VI, we see -e - This is in parallel with the 


pri 
plate vesistauce of Me: Hence, +the impedance Ren is 
Re ee Pine) aN. a TK Cen a 
Tees Mee j74+2 


(8-31) a) 


b) l= VYer ) Vox = AA 4 = VRYer ; Lo (V+ PVgk) Yp = (V+ MVRYcr Vp 
I rie =V (Yer +Yp = Cah ler) since = Qmp OY Gwe 2 pe 
; Yo= ees i Yp + W+OmR Yer QED 
Vv 


a CR wCR-j + gu wCRry 
8 I > ‘-«< ma Al pm rely Se TE Ee 
= i SPR ORRa Ie <_— iz 
let a= wCR , then, Y= Yip (#3) 


5 


(Contd) p= MmeDatniJ Cours 


_ (W424 1 ah eed cn 


= ———— = 1 4+} 

Vp (K-41) Vp (X24) Yee) Ri ae 
races aia ee Cc; = Jn % 
I+ (Mt) x? Wo (X*+1) 

qd) For maximum 0; , set = wee oe a site =o = Aa oy a=| 

X24\ (241) (Kz41)2 
a C. = g x 2) 
( inde Se ond ition = ——£_ 


QED 
+e 


€) From Fig. 7-$, over the range 2° to 20 mA, Gu Varies from 1.1 to 3.5m, 
fp varies from 15K to 6K and varies from 17.3 bo 2). 


~3 . 
7 (G\nokvanes Crowne 2 ak Cote Re 3.5X03 6! Slon57 hee eee 
) = f 21 (5000) i ic zm (5000) y ‘ 
Rilo varies tro Oo ree ere Os a OL q 
‘ ie Z+17-3 ‘ PZate} ? 
ay 


K 
b) L=VYir . Vgk = LR =VY¥irR 


) I= (V+ MVgk) Yp = (Yp+ Gy Ren Since a Vp 
Pate ES SON eg 
\ tR ytGnRYie = Ye + GES Sop fs 


R R 7G 
¢ _ ag Gm R+jwol+ GnRy, a Le 
| ay ne eee ena: ; | i eect ae 
cs, ae Yp(iea?) Tae = ie ome (ie. Ri in parallel withL,) 
z 
ee ai and lndGpee e we 
A) For maximum Li, set Sli Lo Poe -t+1=0 ee eek 
* (Li) mex = at aud (Ri)mo= Ze 


a2 
©) From Fig. 7-% , over the range” Z to 20 wA (cn the \ip=250V" Curves , 
Gu varies from \.1 to 3.5 mi , Yp Varies from 15K to 6K aud from 
Missy Bro, 22 


an GES free varies from cS 


——____ = 0.0573H to a 
|-IX1O*x21r(5000) 


—_______. = C0152 ee 
3-5x10°x2I1( 5000) 
(R,) mox Varies Lyon 


STK Se SGk too  2xSs 
leo 2. 


=O. 5 2 ree 
2142 
From Eqs. (8-39) and (8-42), A= du Nap 
YptYi+ Ypk* Yop 
For f= \ookhz 


amd Yi=Naict (I-ANgy respectively 


Yop = }wCgp = } (2m x10) (2.410? 


a) Yok = jwlgx = j@T x10) (4x10?) = j2-51 “10° U5 ; Ypk= jw Cpr=j (2x10?) (3.ex10 °) = j2.26x10° Ww 
re) 


\eean as Xicoens ea token y 1 ~F5 
) L U ) Yp= 66,000 = 1.51K1o aS 
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3-33 ) ae 15X16 3-4 jf) SIKH ea -1.5x10°3 yg 
EB (Cont'd) pe aumstapsese ato ge igay Ge 


(1-51 +1) 1594) (2. 2641-5) 15 
\; = j2-51K10 8 + (14+ 58.5-) 8-78) (s1-51xIS®) = (1.32 + 59.23) x16” wb 


b) i= s + jw ais ry = 32x10” Or Ree 5 hk <jq—— 
i ‘ ies 
Coz Bia. | Ae Kio Fe PE Po ae 
* 21 *IO5 
For =\00H 
~1.5 x1 G34 j1- 51x57 -\.5%102 = -59.¢ 


Ge Gathet aaiere co zeta? 
This is the value chtained when all the interelectrode capacitances 
are neglected. 

Yon 251x107 4 (14 59.6) (JL 51x107) = 59-45 x15" U 
b) Yo= 1b 4 jwli - Ro=zcomo and C= FA5KIO™ _ ie (ip Giiatoet 


RY 21 xKI00 
From Ea. (3-3 ou Gmat Tov # : vs 
3) Sa peel Yo + YL + Ypkt Yop Pt ager) Be (8-49). Yi= Yous OA) oy 
a) K.> SOK 
For = Toke Hz 
Yk = je Cg = j2T x10?) (3x16) = j1B8xIS%, Y= jw Cpk =j(2m107) (11K? ) = 56.91 x10 * 
Yop =)” Coy = j(2mx107) (2xI6'?) = j\.26xKi0" % 2x16” ; Yp= io 4 


A- - 2x10 >431-26x10 8 if —pewcce! = 16-7 
— asap ae & see Ae . 


12X10 445 (6.9141.26)x10 ® |.2K10 
os = : -7 ’ 
Yi = j 1-88 x10 *4 (1416.7) (j1- 26x10 *) =)2.42"'0 = = + wl} 
LS 


mia Cl 2 242K TH 22.5 Se 
: 2rxio3 P 


For £ =\0° Hz 
Yan= j188xio? , 


‘3 -2XI6? + j)-26KIO 
~ LD Ke 44 j(69141-26) x15? 


= . -5 
“Ypk = JONI” : gp * y\- 260 


> _ ~2004jI26 _ _). 4 457-74 
124817 


; _ ‘ sg 
hie }-8¢x1d 74 (1411.4 -j7-74)(j1-26%107 ) = (9.75 4 j17- 6)x107 = z. + \wCj 


‘‘ 10% = 10.3% Aa (= 17-6 X10” = 23 pF 
Ri 9.15 ie et ci 2m x{0° ers 
b) Z.=j5x10* 
For f= 10°H2 
Yie-j2n0? Az Cee ae = —19.2 - 53.64 
: Ter te 1s *—j2015% 
Y:= jl Baxio* + (1419.2 4) 3.84) (j1.26 «158 ) = (452 +527.3) x10" = =. + jwl{ 
4 
; ~10*% 7 27.3 x10 
= = - 2.08 x! i : i eee se ee : 
nna aes O8 X10 20.3 M and Ci Sa As. er occa 
For {= 10° H2 Seulio 4i1eexio?.  . . 
er pare Cre TT N45 458.94 


él 


=. 
5 ne 57) = (V-13+)2.14)x10 7 = 
(Cont'd) N= j1-88x10 4 (1 414-5 -] 8-94) (51-26 x16 ort \ 


\ 


- ee 
~4 
i ZAFKIO 2 ; 
. R= = $.&3 K and C= awe 34.\ ds 0 
e = SP RE on and from Eq. (8-44), Ci = Cox + (I-A) Cop 2 
(8-39) From Eq. (8-5) , Az RL+ Vp 


At R= 0 , AzO ard Cj = Cac + Cop = 2-443.9= 63 pF. ae is 
37.8— 2. 
-A =) —————__ = 950% 
multi plied by 6, then Cji=37. =Con+(l-AdCgp or I-A 3.9 q 
oy A=-8.0g = —_MRL_ Or BOR, +%.08x*7.7K = 20R:_ 
Ri+Vp 


The screen S avd the 


G P 
Suppressor 3 are ot 
ground potential as for 
as signal is concerned. 
Hence, the equivalent 
CIYCULY (sas chotiw in a). 
Since some of the Capacitors 
aye shor+- circuited the ) 
equivalent circuit is . 


or Ri=5.22K <— 


reduced to that in (b) , where C= Cg3+ Cgs + Cgx ~ Cos+ Co and C,= Cyk + Cyst Cps ; 
The purpose of the screon 


is to isolate the grVid from the plate. Hence, Cap 
and Cg3 are very small. 


(8-31) The \mpedance Z between K and N of Fig. &22 


is obtained by shorting Vi ; pplying an externa 
voltage V and evaluating Ze /T Since Vok=~V, 

we have I,= VOsmyy, a V(Yp + Gy.) because S..= MY, . @,P,N 
ie V Yk ) Lee NN . Thus , Y= F = L4+T.4+T; = Yot Gut 1, +Y~ 
The short~ circuit Current across te cued terminals in tiq. 8-22b (with \V; 
present but not V) is » Ise = Vian 4+ wae = Vi (Y¥ak+ Gm) since Vak>Vi 


Gr= Cn + Cyt Cun 


| 
Hence, A= ire = (Jee 
4 


1 Vi Ye Xp +9n+ + 


The output impedance of a cathode Slower is given by the tmpediawce 
2, wi Vrob. &-37 withi Rel consicieredimewtermenty oe the circuit. 
Thus, taking Rx +0 be infinite or kee , we have 


py Geos on — ho aa a. Yp + Le where ‘1p ¥ aw T J 
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CHAPTER 9 


Vv; 
CED From Eq. (9-1), Iny (0) = Aedn Mee" (e ae AYLI sittcel ie renee Ln 
If in Eq. (9-17) |Vel Vx ye Tpn(0) = Ae De Pro eYVz _ + a 


Hence, Ipe - AeDy Pro oy Ly Ve /v, 
ie oe Fy GRAS wa ip assuming that ef! y5 | 
= Ln Dy Pre \\) 
W Dn Npo ‘ 
Now, Sp=Mpep,, = Yee and On = pueMno = er 
OY  Nyo= bree and pno= Pre We (2) 
Substtuting Eas (2) to WW) we have : 
lpe - Ly Dp Mnen* Sp — tiene tddaha diets ool Dv/ p> 2 = (ee. Sy Since from 
Ine W Du Gn bpenit W Dn/pn On WwW’ On 
Eq. (5-33) De = Dr . QED 
; Be kee 
Ve Ve Te 
(@-2) Since the conditions at the collector ave identical with Fp [nlp | =— 


those at the emitter, then Eas. (9-11) and (9-17) vemain valid, 
if the subscripts E aud C are interchanged . these equations now become: 
ral Ae Dn Neo (2'/Vr_1) en Pno cere \)- (evM_ )] 


lnp= ie) ond Lon = = 


V 
Te = Inyp+Ipn = Gas (er) 4 a (2¢/Mr_}) 
no nw co 
where O21: - Ae Dy» Pro Senet oes = Ae Dp Pro + Ae dunce 
Ww Ww Le 


@-3).a) From Eq. (9-13), Pu-pro=Ki e Me. K, et */Ls _ From the “yang condit ons 
qiven by Eqs. (9-14), pa= prot @x=o and p= Poe @x=W we 


olotain : 
Proe Mt — Pro a Ky 4K and Pro evs — Pno= = Ke sis +Ke es 


Let ve= Puo(e Ea iis y= Pr Age ttre \) aud os Ne , then We =Ki4+Ke aud 


eka take sik,o’ +e -K)o? =, (e?= she oe 
veer 2 = 2esinhy -Weetsh - Wee the 
Thus, K\= =o ain » Kae We-Ki = ZSinhy Zsinhy 
From Eq. (9-12) , Ip, (o = -AeD, Sen =~ -K Kr 
| ) pr ) ie ie AeDd, ( ces “| 
z A 
- _AeDy Gus +h —-bee! 4 V)= “Tan, (-2y,coshys24) 


Z2LgSinhy 


= AePe (-e cothy Bane esch 4) 
- AsDe saa (edhw)(2"™1) 4 (sch Be | 


63 


° VelvV; 
=-3) (Cord) From Eq. (9-11), Inplo) = Mebane: per Vae sy) 
Vv 
Te= Ipn(0)+ Inplo) = ciyle sire, y a ever sae) c 
D ne WW ED 
where y= Ae (eas eth®. a Dulles and Ai2=- AeDp oe esch Le Q 
Ss E 


Since ponoiione at the collector are the same as these at the 


emitter, then the exvression for Te is obtained from that of T, by 
interchanging the subscy (pts E aud C. Thus, ({ we write 


V ' 
Ic= Aai(c iM) +A2 (.e¥¢/v4_\) , then oe, is the same as Ai2z and 
Orr is the same as Gah with E aud C interchanged. Hence, 


n WwW Beles) QED 
A2,= ~AeDdD, ee esch i and Qe2= Ae(DpPee-esth me Ms re 


DIF ey Kl, then eothy = cosh « Bz oe a 


we tle 
Sinhy 5 Ww 
a J — pea = pa. = Lp 
cays eect en oe Se be Pro An=Ae(DpPro 4 Denes) | aaa Ae (DrPne + Diilco) 


Le 


Eq. (9-27) is idewtical with Eq. (9-26) provided that DuNco _ Ss whych 


we shall vow prove: 


Dp Puro Ce 
a 3 
From Eq. (5-19) Pno= a Qua Neo= oy Also from Eq. (aro) Ee Me 
Dp Pro Dp Peo Mp Pec] Sp 3 Se 
Using Eq. G-24) and the results of Prob. q-3a we have: 
4B, Pro \ \ 
OF a Aa — Pts simhW/ts = Cosh™ 4 DoNeole sinnw 
aA Pro coshW/ig DaNto Sar eres =e Sin Uy 
Dp Lp sinhW/Le + Rig B Dp Prole 8 
i sech™/Ls din 8" y from Eqs. G-2%) and (9-29) 
|+ DuleNtro tanhW 
Dp Le Pro Le 
Wee NAD \ = \ POR ET Ee 7 Coan 
From Eq. (9-29) , @ = sechW © sa aa a wee Zz a) jt an 
From ‘tq. (9-28) eee ae 
cd it bi SaEKe = \+ Delevec taiw i 2 {4+ DuieNeoWw * Se WSs, 
Dp Le Pro Lg Dple Pno Le Le Oe 
Ta lage equality is obtained by comparing Eqs. (9-26) and (9-27) and 
is verified in Prob G-4. 


W Se ry WG; 
If Ween. , then y= | 53 


QE 
Le SE Dd 


64 


a) Teese (@75°C ) = tes (@25°C). 26 where AT= 50°C 
< (ZpA)-(27) = 64 pA 


Avplying KVL in the base cirxcuit ,we have: 


~ Vee + (Re) max Iego(@75C) = Vee (cutoff) = -0.1 V 
Geer Relax 64 HO = 5) “ (Revie. = 76.9K <+-— 

b) Veg =!V , Re=50K , Now we have: 
BT 


-\| + 50x10° Tego =-9QO.1 


—_ 


SY 
Or Tcgo=!8 mA =2x2 10 


or AL =32 and AT=32°c . Hence, T= 25432 =57°C 4 


From Eq. (9-47) , B'= B+ (Icgo+ 1.) 22 (1) 
8 


Consider, 96 . OB Ok _ p' 3B 


Oley Walercig, " ate @) Substituting @) im «) 
we have: sips P+ (Tego le) p' 3B ae B’ (1— (Test Tg) 28 J ea 
h 
kd Ne og ene La hl on QED 
ai ore (Tego+ Te) Stee 


4-9) a) If Ip >olcgo , Eq. (9-48) becomes: hye (1 —Te Shee |) = hee 
c 
Byece Ore ote | Te. hrs 
hte aie ete SiS 
b) At Ic=-80™A, we Find from Fig. 9-12. (Medium beta curve) that 
hee = $2. From 30 to 130 m A (centered around SOwmA ), we tind 
that hee varies frew 92 +e 70. 


Thus, QWes .  2OSISe Ss oom, sand hee —hee eS eee 
ABC) 130-30 he 


=-0.2)| 
or hse is about 20% less than Nee . 
To the first Approximation , we neglect Vee aud Ves Then Ig= oe FT OFmA 
and Ie=-9 wh. From Fig. 9-11 we find that Vce x -O.0TV. Thus, to the 


second approximation , Teta ot DOF. 8 Gar anh 


From Fig. 9-9 , where the input characteristics of a 2N404 transistor 
are plotted, we find at Ip=-0.3 mA and Vee 


=-0.07V that 
Veg ~ -O0-2I1V. 


Thus , to the second ayproximation , lg= SP iailes =-0.293 
Checking back Figs. 9-9. and 9-11, we Lind that 


Vee = -0-07V | Vee =-0.21V. Hence, Vec=Vee-Vee = -O-14V ge — 
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Ve 
a's te Ole beat iene) A Kany Te =- AIe + leo (1--e Ne) ....(9-50) 


Substituting Eq. (9-50) wto Eq. (9-49) we have: 


—_ Vv Ne 
Tease Ow \— oy Te + Teo(1--e 1) | Hi (lee Vr) 


or lesz Ow Teo (er _ |) — deo be ae 


(9-5!) 
|\-OnAyr \-OnXy 
Substituting Eq. (9-49) into Eq. (9-50) we have: 
Tem Or |-owle +Ico(I- evr) bleak — eM ) 
oY Ir = Arico Ico (a Soleo (atx 9 jae (9-52) 
|\—OnOr I— AnQr 
b) From Eq. (9-49), Tet+Onle _ | o%/y eee (va es Xn Te ) 
Teo co 
Hence, Ve=Vr Yn (i Fetatsile) ane 
Co 
From Eq. (9-50) Pile eer Lc. Bales NEN, a eh, Ee (\ rae eet ma 
Teo Teo 
Hence , Ve =V_ dn (1 ecu Cy) (9-55) 
Leo 
uae Ole On le 


Note: For an NPN 
transistor leo and 
leo Ore + Te ist 
anda Te is —., 


(9-13) a) Fo ao p-Y-p transistor Vee =Ve-Ve where Ve ond Ve are qIven by 
Eas. (9-55) and (9-56) respectively. Substituting, we have « 

Vee = Vy Un( tee ate = On Te) (Teo 

cE AY i eae rneeinae 


Kige Apa Per Sestyaan@icon fares ual ieen ery tre = Qt . Substituting , 


= Ar \ [Iko+ ele a ar V, TrcotAnlg —I (\— &y) 
ee 4 tn (aa) Ie + Te(1\— xy) Mr ln On Be Teo+Ig+ Tc (\— &2) 


b) If Ig >>Ieo ond Igss ke 2) 
N a ae AN we 
Vee =r On ( SE. #vTs = Te(\" 6) ) Seals allgrory: 


Pere 
fy Toa) te oy gy 
OW Ig +I Cor) Te/y_+ (‘'<2F)Te Ey 


Xr Br Tp 
on ee 
or Vee = — V+ Ne aaa QED 
eee ce 
Bu B 


cA) TH |Vel>7 Vy and [Velo , then SMO and S10 . Then Eq. (9-5!) becomes 


from Eq. (9-52), I= wco "S *Gwleo wy ico= At lco. ai Ce or) 
ee I ana aaraiay aeereae oo rg ik aT QED 
he ners |-&XnQr |\— An&r 


b) Under the conditions that Ipe=O and eres. O | Eqs. (9-49) and (9-50) 
become 3 Lee Teco aud (0) — —~XyIe + Teo (\- eY€/vz) 


) 


or = eYt/Vy) = Oy Te = Xn from to, (9-53) 


EO 


V 
ireneG ec OF EMIS oa) ee. dee Nee. Van (oy) QED 


@-15) a) From Prob. J-l4a , I= Teo (l- Or) where ap = Anleo = 096%3.57 = OF 
= 


I— On Xy Tco 
Hence, Le= See = 4:7: yA Sica 
| — 0.98x0.7 
: STAGOM ON) Renan IS) eee aA 
b) Also from Rob. g-14a , Ie = rice, |— 0.98X0.7 


In the active region the collector junction is reverse biased and 
Ossuming that Vel >> V+ , then CNV =e OnL:Frow Eq. (9-51) we have: 
_ Ne /y. 
~Owleo +Ieo- Troe * eee Orko= Xn leo 


Iex SXinlion «71g (etNr_}) a 
\— On ATL \—AnyAy \— Ay Ky 
Ve Ve Ne ' 
or le = fetes | (om) - 2 ea x ~jto «6 Oo pes lo 2 Nr Since Ay | 
\—OnAy 1-OnXyz 


a) Neglecting Vee (sat), we have that Te, (sat) ~ a = 3mA . Then , 


inlun = 2etsod where Vice =) LOE . iar ore 
( 5) min hee FE encase 49 . Thus , (Ig) min= Sri 61.3 yA 


b) From Eq. (9-55) , Ve = Vz Ln ( _ fe + OG fe 
Eo 

Thus, Ve=26Xn(I- 2 ea Bie ey 

hemi ae al senllcy tah 


” Te + Onl a 


Hece, Veg =-Ve =O » Veg =-Ve =-159 mV and Vee =-VetVe = ISAM V 


) where = 298%I-6_0784 | Jp=-3.06 mA 
Ze 


C)Ig=eO-2wA, Te=3mA , Te =-3.2mA 
From Eq. Mas55), Ve =264n(\ _ eo ee 2 = |67 wV 
\.6xIo 3 
(Fe56Y, Vox 26 QC mee poset x Cov. 
2xio 3 


Thus, Neg=-Ve=-WO mV, Vege—Ve =-167 mV , Vee =Ve-Ne = 167-0 = FT mV 


eve. , Ve Oud Vee are unchanged. 
Vep=-Ve~Iphy : for b, Veg= —(0.061)(250)=-15-3*V; for c, Vep ss Sed aclamiens 
™ 


Ver=-Ve-lIety - for b, Vege -159-0.08xz250 = —174 mV ; for Cc ) Vege lel- 50=-2)7 mV 
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c N 
o) From Eq. (9-5!) , Te = Arkco (eM_\)— _Iso_ (e*/Mr_1) , TE Ve=o, the 
\—An Ay \- Xp Ay 


aeicG Ne Ay. 1. 6x19? Ve/V. -3 / Ne/v. 
Lege tS — ah ee eee (0 Ta)" 2! — 689%I07 (|S Tee 
? caren ) |— 0.930.794 ( ) 6.8910 ( ) mA 


ea aN 
or -l_e = 6.89x16° (e a mA 


elo [2 [4 [5] * [65] 7 
te [ 0 fool oar [iz [275[46] 6 


b) If the collector junction is reverse-biagsed 
by more than ao few tenths of a volt | 


oy ~ OO cane Te = —Hileo _ Teo (S71) 
- I- Kn = \- ana 
where Orleo _ 


0.784x2x15? 
1-0.98x0.784 
Thus, Tp = 6.89 x15 *(O/Vr_|) 4+ 6.82%x16% mA . We note that at each 
value of Ve , the current differs from that found in eyart @ ky the 
Constant amount of 6.82x1I6> mA = 6.42 vA. Thais is too small to 
be indicated on the above vist. In other words, the emtter 


current is almost independent of collector voltage im the ach'ye 
Yegion. (This calculation neglects the Early eect :) 


cai 
= 6%2\ mA. 
|= woz 6 o A 


GAD) Fron Eq. (9-57) we haque: Vee =Nr [On (t +g i \-%n (\- 4 z 1 


Je fa eel ek Hee oe 
where of me » - 204 9 Bx 
ett 
Thus, Vee= 26 [Um(!l4 4 He) Bn(i-g Fe] ww 
uf Te © ) Vee = 26 Rn 1-1) = 2.74 mV 


=45 , Vee= 26(Qn 1-61 — 2n0.5)=30.5mV 
=6 , Vee=26%1-68 = 43.7 wV 
=&.), Vee=26x3 = 76 mV 
As Vee soo, Ic _, B=9. Note that these 


2.74 mV 
Ip 


calculations assume that &y and Xr are coustant for all elas of Veet 


(9-29) cy From Eq. (9-62) , \Iceo= — from which y= DceonTco) 
— O&w 


ee QED 
b) From Eq! (9-Gl)s Tees = | a from which «y= _tc&s—Teo 
Substituting the value of ve yOu part (A), we We 
Oy (Teesites) pm Bee oS | — leo/Tces 


f QED 
(IeEo -Ico\ Ices 


l— Inc/Iceo 


6% 


Since evs xO, Ea. (4-49) becomes : 


Ie=-Anle + Teg (\) 
For small Ve we can write , i ov; ald + XS teJj= -Ye Ther Eq. (9-50) 
tan be written : Te =— Oy Lee Teo Xe (2) awe ‘ le = =e a CI¢+Te) (3) 
From the civeurt Ve=-IeR = eats (4) Substituting 4) into @) we 
get : ction TpoR 
Te=-Qrlc- oR (T4Ie) ‘of e= bot So sa (Ss) 
Vr 1+ Teck 
mvs 
Substituting (S) ito (\} we obteaw: : 
EOR 
Tee i RE al = Teo ( Sa: = Leer GED 
oy On lo deokey I woz + TEER (\—on) 
[~oLrok “| 
Tt 


-22) the condition Vo=Vee implies that Vee=O. Frow Eq. (9-57) we he 


is oa | papal een A 
Vce= Ve Soe ( 3 =O ig mR T = in 
xn Ip 
Or = roan) pear Ce ecizect Ts and Tae lw Sahine (\) 


But Te = ~Ig-TIe =-Igr “ = RCS (2) 


2 e 


Substituting (2) inte (1) we get . Te = (14 -) (1s -= 


Vv Ba V Beh V \— of 
GR ee een Yar wets al Fo 4 Et gee Le on a er 
sil ri iG B: ) (I+ Ke es teas) QED 


a) From Eq. (9-49) with en O ,we have: Ic = —Onle +leo x~— onle 
Thus , Ie, =— Ole =- (0-96) (100) = 96 mA 


Ts ¢6i.-=, 2. we have: 
From c B B rae 


Te,=-Ig,=-4 mA ; I 


<j 

gp. = —(I-X2) le = —(1-0-96) (to0)= 4 mA 
cpe —- HX le, =-(0.98)- 4) = 3.92 mA q— 

Peete U-Mllepe —(I-G4es- 4) SO pry (ner “tes ke, wiley Jot 3.92= 99.92 mA 
b) Vee = Vec-TeRe= 24- 99.92K0.12 I2V 


dj, 2 = RR = 1249 -; de = 99% . 0.9992 ee 
1s BOKIG > Tr 100 


<}-— 


MLS Yond Nts or es. (9-49) ‘BecdmesenTer teu then $row Ex (9-50) 


Ve 
T_e = O= ~ Or Teo + Teo(\~ 2 *An) or l-e ML “ase = On — (fromEq. (9-53) 
EO 
or eens = |-Aawn and Ve = Vege = Vy Qy (\- Xn) QED 
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Vc 
If Tg=0 ,then Ic,=-Te: and with e Ny xO | bq. (9-49) 
) Si 


becomes: Ic,=-an td) lech mor lc = a (') Is=0 
— Xv 
For the other transistor, 2/1 Gud ee 
Ten = — AN] e, + Teo = —Ow(-Tey-Tes)+Icg or Togs Ss dame ee, 
—-OXpn ~*e2 | hy 
Substitut nv (ly eicromn(2 0 ce Slee eee - 
9 ( C2 (\—ow)2 Gs) * 
Fron the circuit we have : Tey = Te, +Te, = = (i+ 4 a We fe SNe 
— &w \-On eae: 


a) Vee = Is‘ —TeRe +Ve (\) where Ve is given by Eg. (9-55) ; namely, 
Ve= Vz Sn (t= FES%2C) @) IF Nesl>>Ve then eT x0 and Eq. (9-49) 


becomes: 1.=-O&ulet+Ico =-Te-Te or Te = lsptitco 
Xn 
Consider (Te + O% Ie) = Te +r (-Ig-Te) = Te (\- Xz) 2 Arle = AMIS 7 On 0 a ie 


OY (Te + On Ie)=- (1- aw Kr) Ig + (- aks (3) 


\— &n 
—- Ana) Ig Ico VSS 
Substiluting @) inte @) we get: Ve= Vr Inji+ 4 eee Se er a“) 


Consider (Ts%y/ - = Ig tho I 
( (Is bb TeRe) Tay + (Fe tteo Re als (Yeu + Re Re \+ icoRe 


Laon |~ Aw 
Substituting (4) 3; (S) into (\) we obtain , eitde *ee* ao 
T¢Eo XT 
V m ; Rs £ Sas, Ig (1— Wn Or) an (\—- Xz) QED 
ee = le(Y +Re \+ ie + \rInfi + ee + 


b) If Ic=9 , then — and MC Motte 
Thus , Vee = = Ie (yy +Re) at ele (+ 2 QED 


If Te=-2ZwmA : then Tea lO le =~ (l-0.93)(-2) = 40 yA and Te= 1.96 mA 
Ven = Vee —TeRe =O0O.6o- (= 2.%0:\|) = Oran Ve,= Vex = C= = 40 pA 
Te, = Ip+Ip,= 40+40= 80 pA. Issn le, 4Te = <oxics 341.965 2.04 ~A 


Vez Ven New = (\2-2.04%3.3)— 0.8 = 4.47V 


Hence, RK, = ver. (227 = 56 K <}—_ 
Ie, 0.08 
(9-28) with =O aud VetarZ wal : Eq. (9-55) becomes: Ve= Vx Os Cue = ) where 
€O 


for a pr-p transistor Igo is negative i.e. Teor —!-6 pA. 
Thus, Ve= 26%n (1 4+ a ig roan ey Heal ae 1250 = 26%7.12 = 15.3 wV forward bias. 


From Eq. (9-56) | Ve= Velu(t= ee Ze tin Ney a) 26UnI98) = 26x64 
Too 
oy Vena a forward bias . “Hence p the transistor is in saturation .<-— 
b) Vee = Ve—Ve = 179- 185.3 =—-6.3 mV. os 
Check: From Eq. (9-57) with Ic=o , Vee=- Vr Qn 7 =~ 264m me 


TO 


(4-29) a) From Eq. (6-47) Wee 2¢Ve Weve. Ce \2 


er Ea = AY; PCr aud 
“eNa 36Tt X10 
eNa = Se = \ 
My tyr 
2 2-6 z 
pitas. “hy, SaweN ANE Ue ieee lees tee 
ZE Ze se tl ciety AME Shs 8) 2 JES @ RRL 
evs Serer Vases “Eo 
or Ve = 6.46xI0"x31r WwW? 


= GI X10; W Wanshere \W.is annie and om 
5 Ps in Q-<m. 
b) Puuch—through occurs when the deyletion vegion of the collector 
juncttiou reaches the emitter junchiou. 
With Wel p =t0 om = 1d Sem = to *cm 10? mils 
Z-54cm/in in 


From part a then | we haye : Nhe aiiAniey. x 3.4a3¥ «15% _ S.9V +— 
o.5 


-Z2 2 
= 3.93x10° mil 


CHAPTER \0 
Vee = OV 
(lo-1) a) KVL in the collector civeuit Gives: Vec-(I,+Tg)Re-leRs = 0 Rexlook > Re=2K 
Negleck ng Teo ) eo Ole ; Then (BtIVIg Re4+ Te Re = Nou I. 
or (5\X2x107 + looxio®) Tg =\o Fs WA te a = 49.5 pA 
oe 202K 
Thus, Ie = 50X49.5 x10° = 2.475 ™ A and Vce =IsReg= 4 IDV i 
b) Homma 0-1), So cbt! . PEL ae ee ae eo 
ay BRe/(ReaRe) Aes ad 


(10-2) ex) KVL wm the collector circuit gives: Vec—G+IgpRe-Vee = 0 


or IO 10) %10 Ie 4 30 eee ee = 59.4 pA . But Vee=IpRL= + V 
is lol xio3 
= =a6 Ke 
Ry 59.4x10° lias 
\0\ 
- -\\ S= —————_ = 4] 
b) From Eq (10-11) , > 10041683 4 


(9-3) Neglecting Vee we obtain from the circuit: Vj=TeRe- -TsRy ; 
lout er -(Ip+Ic) , thus Vie — (Ig +Ic) Re — -IsgR, or lige = Te Re +V, 


"Reiko. 
From Eq (4-43), Te=(\4p)Teot Pls = (4pTo~P (aRe4¥) 
etNXp 
or Te(l+ aa =e (eae = UP NIS opr SP oO bers. pete: a a ag s 
RetRp ’ ages (ae BRe /(Ret+R,) QED 


a) Saving for Te in Eq. (10-15) we get - Cee — Vise -IcRe 


From Eq. (4-43) , Te=(HB) ko+ fle = (4 PVTo + 8 e ee 5 
or Te (V+ Ske \ = (4) Teco +B aS Nee ) 


7 


(l0- 4) (Cont'd) Then os=- ok = yer ee E = (I+B) \+ Rp/Re 


Oko 1+ BRe/(Re+Rb) \x 6*Ro/Re 
) Se (148 )(fRe+ Rp) _ (1+ B) (Ret Rv) af Rex Rb Div iding by ReR, 
Re+Rp +P Re (4p) Re+ Re Re +R 
ce \ \ \ +B) 
ee ee ae aes he Gn Gr wer Oe ae 
~~ eee lai a G 2+ Ge/(i+8) 
Re” Re(i4B) ey ee esta Miyuaes 


a) From Eqs. (\0-14), V= RaVee . 5X20 - 0.952V 
Rit Re \o0+5 + 

and Ry= Riki _ sxiooy - 476K . For a Ge trarsistor Vee=02V. 

WARz \O5 


Using KVL in the base-to- emitter loop, we have: 
V= IgsRv+ Vee + (Tpt+Te)Re = IgR,4 Vect (i+ PI gRe Y 


or 
0.952 = 1g( 4-76 +51xO1]Ig+0.2 = 9.861g+0-2 


=> 
Ig= oa eae ee A Ee pa BIp = 5Ox76.2K10 = 3.81 mA = 


then Te=-(Ugt+ik)= -3-39 mA . t— 


Nee = Veco Deke lakes ZO-3.41%2— 3.89X0l' = 20-7: 62 O27 Ne Mi 


<p 
i+ 4-76/o.\ . 
b) From Eq. (10-17), S=(+6) - | + Rb/Re a5) xe eee {28 +25 qe 
|+ B+ Rb/Re Pl a aie aeh a oe 
—) From Eqs (10-14) | emia vcc on Tea. 2) 04094 Ven ae 
Ri+R2 27+2:7 
and Kis Riko = 22a 


K=2.46Kk- For Ge \Vgeel= 0. 2V 
Rit 8, 2742.7 ) y pel 


From Eq. (10-17), S= (49) Bites 5 S/O ae 
45 +2.46/0.27 
b) KVL in the base-emitter circuit gives: 


—V= Ipke+Vee +(I+P)IgpRe oy —0.409 = 1,(2.46 + 45x0.27)—0.2 
ae ve = ~0.409+0.2 


\4.6 eh pA ) Ic= BIg= 44(- 143x107) = — 0.63 mA j— 
Vee= ~Vec ~ TcRe —(Ug+Ic)Re = -4.5 + 0.603 %\5 4 0.644XK0.27 


Kez 1.5 


<-—- 
Re=0.27K 


=-3.38V ta 
Re must now be increased by 6902 to 2.4640.8=3.15K 
Se IG, [+ 31S /o.27 


¢) 


——__—*"_ = Jo. qos 
45+3.15/0.27 
‘ = -O.209 sm es 
~4.09 = Ig (I9.24)-0-2 ov Ty> “SE 2-137 yA, I. =0-00 mA g— 
Vee =- 4:5 4+ 0.6%1-5 +0.602X%0.27 = - 3.43 V qe 


10-7. (o,' = ix. += 50 A Re = Vee -Vce - 1eRe a ies ato 
) Ip B 50 Be > (Se iiae tes rinse = 0.49K gs 
ai a = Re / 

< From Eq. (10 (7) S=\2 = 51 an aae or Rb/Re = 14.4 and R= 705K 
the base -to- ground voltage ; Ven = Ver epee! = 0.24 4.08K0.49= 2.2V 
the Thevenin voltage Ww Fig. J0O-Gb is V=Ven+TgRp = 2-24 0.08%7.05 = 2.76V 

. (0-1 Mops vee ae AG SJIGRe. 16x 7obe 

From Eqs. (l0-14) , Ro = R, FR, = b er = A\ \% <a 


1Z 


oem tent’ d) thoy Te< VecNew = 16-22 


\ SK 


= 0.337 mA and Tp, =lr-le= 0-297mA 
Hence, kK, = ON ee Ki =4356K <j 


—_ 


Tre 0.257 


b) Re is the same as iy vart Sa Ve. kee 049K I 


S=3= 5\ (1+ KL/Re) 


Or Re 22.13 Aud Ryel-O4K Thon V= 2240084104 
e 


1-3 
¢) The power drain from the battery taken by the biasing resistors 
R, and R2 is increased as the stability Cactor iS \myproved. 
(0-3) a) From Egs. (10-14) | V= KaNce _ +(3)=1.5V and Re RR - 25k 
Ri+R2 = 


R\+R2 
then from €q. (1047), S= 45 Os ee eo i iets 
45+2.5 


b) KVL in the collector ~ emitter circuit of Fig. 10-66 gives: 
3+Vee +(IptIe xl = 0 3; KVL inthe base-emitter 
1.9-O.2 +251 g+(TgtIc)=0 , stnce Vee=0.2 for 
subtracting , we get : Vege =z —-\-74+2-S5Ip . 


Si + Rpb/Re 
Be 2.23 V.chhasy eee SES Toe Ry Vee RL = 1G .04ky=73K +— 
Ro R, V 2.28 
Tr, = esa = 1.89 mA , Ip. = 189-0:08=1-81 mA. R= ra =1.21K <+— 


ctreuit Gives: 
Ge. 

Also from the second eqn : 
|.3= -(2.5 +1+44)Tg =- 47.5 Ip or Ip=-27.4 pA ond Ic=-l2mA <+— 


Then Vee =-1.7% V , 
c) Ry is increased fo (2.540.69)K= 3.9K «Se 45 DAZ. 
Base- emitter circuit : 1.3 +(3.19 4 45\Tgez=O or Ieg=-27 yA <}-— 
Te= 44x C27K167)==1.19 mA . Then Veco e—).78V as 
KVL around the collector -base - emitter loop gives. V 
9 VCC 
Vec = (I<e4+1,) Re + Cie +Ts) Re 4+T,Ri4 Vee R 
laut 4 ea Vee + (Ip+Ie )Re aud I,=Ie+ te ; 
R2 kk 
or T,= 18Re+Vee+(Ueth Re - Substituting for IT, ST, ’ 
‘2: (Ie4J 
Wwe get after some simplification ; Rp a 


Vee = Te \ Re +Re ote Re)] +Is)Re+(Res Ra)(RrtRe)| 4 (Vs RARE yee 
m2 2 
Since Ic= @lte a (1+P)Ico ,we have Ise recess let futing 
+k ) = \Iko ethk2 jl R +F, 
Vee = Ic | Re + Re + Reet ‘ Hee (\48 Teo] Re+ (F ee | +Vee (1+ Ritke) 


Sz OTe i. Differentiating the above eq’) and ASSUMING Vee coustomt, 
we Soiree after simpli Lication ‘ 
e (B+ () LRe(Re+R) os Re (Ri+ R2+ Re) | 


ee a ee ene e se a ea <-——_ 
Ri Ro+(6tl)| Rake +Re(RitR2+Re) | 
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Clo-10) a) KVL in the collectov— emitter circuit gives. 
Veo = Ge+Te)(Re+Rev4Nee or 24-5 =(TetIe)(10.27k) 


thus, Og+Ic) = 04+ 45)16 = oe = 1.25 mA or Tye 40pA 
Then, IgpR=Vce-Vee =5-06=4:-4V ~. Src WOK <— 


b) From the collector -base circuit: 
Vee-Nee — 1c (Ke +Re) 
Vee = Ketle) (Ret Pe) +TeR +\Nige ov le= 7 pipe amas 
From Eq. (10-4) Ie= BIe+ Beko ©) Substituting ( iwio Cys een 
simplifying , we get i\ + eisesRelsi(= (B+!) Teo + B(Vec-Vee) 


Re+RetR RexRet+R 
eeeatc es p+! 46 ee 
Hence, S ee > Ua AtiRRelatee UNE Sere) el a 1-5 aS 
|+ ficemse 445 ——< 
Re+Re+R 120.27 


Collectov-ewmitter circuit: Veet Vee =Rele+ Re(TeaTg) +Vee 
) OY WS = 4.391e4+ReG4+1tjk+4 wW 
Base-ewmitter Ciccurks: vee = Tce lies Var ie 
eG = (14 Sy Re orem 2) 


Solving () & @) simultaneously , we get Tez 2mA , Re=Z-1K <-— *F 


b) Comparing the circuit at hand with that of Fig. 10-66 , we see ~VEe=-eV 
they are similar except here Rp=0. Eq. (10-17), therefore, is valid 
with Rpeo- Under xhis condition, sS=\ — 


((0-12)q) Collector —omitter circuit of QI : Vee = Releit¥Gn) +Re (Tess TeSn\ee, 
OY 24-4 (17.84 2.2) es “» Le, =-| mA 
Similarly for Q2: 24-6=-(\+3+a)I, 12K, - Ti 2t.5mA 
Voltage ot yt. P is -3x15 =-4.5V_ ; Vee =0.2v * 
Voltage ot pt W ts -@.2x1402)=-2.4V 


Voltage across R is -2.4-(-4-5)=2.1V - 


P) 


Tee ei 
B\ @ pA 


a ee 
ie ant ere tea tee: Pee narie az ee 
MRaAtion is cbtained in this circuit tL) 
negative dc feedback through R as well as Ce ae e 
For example, if Tc, increases, Ven, decreases (in magnitude) thus | 
reducing Te. , Tez aud consequently +he voltage at pt. P. this inturn 
Yeduces Tgp, aud, hence, offsets the initial increage in he, : : 


Veo= 24 
(OED) cay Collet lon sonnlerm ewer yi 

) to mitter circuit of Q2: Nec = (1e,+Iei+Tez)(RetRe) eee alts , iets 

or (Ts, +To4+ Tez) =e = 24-6 40 4I 

SS ii mA ‘ tess = —lez = 
r 330+120 ) Er Fees peony tS {Tae 
oud Ig, = sie ae = — = 40 pA : Ve=Va-Ve ie Ql ad Q2 
i] 

where Va = 24-330x40x162=10.8V , Vez IZOx40xIO 2+ 2%¥0.6= 6V : Re=120 
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(1053) (Covit’d) Thus Vez l0.8-6= 4-8V  esizok Se 
te 40x10 


b) Treating the two transistors as one unit, we see that this circuit 


is similar to thet of Prob. \0-10, where we cbtained S to be. 
6+!) 


ae Note that @= Ze = Tette = 4oxio® 
\+ (Re+Kev ? te, Te, Axis? Peake 
(KRe+Ret+R) 
Thus, S = A Re ee ee \oo1 _ \oo1 
{+ioco ee ele) iesoy Sites. oi re 
(.334-12+ 120) (20.45 
! 
From Eq. (\O-2@) , Lee ae Sesince OV) vis independent of B , chen 
b+ Ne 
S'= Ok _ LRo+Re(i+B)) (V+V!—-Vee)—-B(V+V-Vee) Re (V+V'-Vee) (Re+Re) 
oF [Re+Re(i+B){? [Re+ Re(i+g)]? 
=) de, Sethe 2s Teper! Be 3) _ From Eq. (10-17) we mote rat 
P Rot+Re(I+p) B\1+B+Kb/Re 
the berm in the parenthesis is identically rer 
ne ag QED 
B (i+ p) 
From Eq: (10-(4), Ro= Rll = On = 9k ; Re = IM = 9. Them from Fallon 
S(z5ec) = (42) +Re/Re) _ 5e(1+9) ~ 560 - <6 
(1+ @ + Rv/Re) 56+4 a 65 tics ay 
vom Ea. (10-26 (regi Get Ole ee OES PIAA IN) 
aah ERS, (RotRe) (+B) (ri) 56 
Sp (175°C) = (EBD RelRe) _ JolK1O = 9.19 
(\4 Bz + Re/Re) LO 97 Pee ms 
From Eq. (10-34) , slqsec)= JS. = 22 = 2.48x10 mA 


pee eo Sher 
-669C) =. 2ZOntOn = 7-40 Ss! (—-CC) ee a BID 
Bien Oe oe Parse 


Hence, Lrowm Eq. (\o-36), Ale (4175°C) = SATcot+ S' AVge Si AB 


=(8.61%33x10") + (-0.8459x(-0:375) + (2-464105 (45) 


= 0.284+0.317 +0.1U=O.712 wA 
Re LeveL oe O aie 2c <— 
ATI, (- 65°C) = (g.6)x(-16°) + (-0.845)(O18) +(7.8x16%) (-30) = 9.000-0.152- 0.234 


= —0.346 wm A 
T= tbF-O386=/)-wA . gee 


From Prob. |O-'5 S= €.6) ; S! = -0.845 
S. (75°c) = Gitlon = 9) 


Vera Nat OK ON 
S2(-65°C) = 21X10 = 7: S075 C) = 27 
A+9 2( ) 2\+9g 4 55x*9) yA 
s"(- 65°C) = st aero Homi 
55 x% 


75 


(Cont'd) AT. (75°C) = &.61¥ 31X10? 4 (-O.85K(-0.1) + (2.7215 935) 


= 0.267 40.085 +0.095 = 0.447 wA 
Te (758¢) = 1-5 +0.447 = 1.95 wA <b 
At ¢ (-65°C) = &-61%(- IO?) 4 (-0.85)*(O18)4 FAKIO'X (35) 
EO DOGG) — 0-15 > — ©: 319 Vet — eM 
Te (-65°C) =1.5-O481 = 1.02 mA +— 
Vee 
Note that Rp=0o . Hence Lrom Eq. (00-17), S (25°C) = | (Ts) san 
From Eq. (l0-26), S (25°C) = eee = se =2090 wily 4 
S2(115°C) =! . Then, from Eq. (10-34), Se a aa yA a 
S2Ces =! , S65) = ore = |.05x10 " mA -Vee 


Nence, from Eq. (10-36), ATe(175%¢)= SATo+ S Meet S AP 
= 14 33%16?+ (-0.982)(-0375) + (O2THIT) (45) 


= 9.033 + 0.363 +0.012 = O.413 A 
Te (158) = 1.540.413 =1.913 mA 4 


ATc (65%) = 1 (15%) + COD (018) + (.05K15° 30) 


= 0. ~0.177 — 0.031 =—0iZ0 
ee GGorGiane Coe |. zourerA” fe a B 


Comparing with the results of Prob.|0-I15 we see that the change 


in Tc is smaller tus cirtuit, because Rp is zero, resulting 
is smaller stabi lity facters . 


From Prob. 10-17, S(2s*c)=l , S (25°C) =- 0.985 mA/v 


sl (GIRO) SEES) heen Genie aw auc Clco me) pepe cocaine ge hes Ey 
55xg| 55%2\ 
EEN TASC) = IX31K1D > + (-0.985)(-0.1) +3K 1S 35 = 0.0314 0-98 + 0.01 
= 0:14 -™mA 
vig Le(Ib°C) = KtOuge 1y644 epee 


AT (~652C) = M(FO.95K154) 4 (-O.98S) (18) + 3415" C35) = 0.000- 0.175-0.045 


“. Te (-€5°O = 1-5 -0.22 = |.28 mA q— 


With Re/rR. = giles =7.75 , Eq.(lo-17) becomes. S(2sc)= 56(1+7:75)_ 7.68 


/ bg 5 6.-- 75 
Hom 260. (lO-26y, «5 (25°C) et PN as 7.63 ib? 
al ) ) Rp+Re +6 £15 py = —0.462 mA/Y 
\ 2g lOLS 2755s ida r Meee eden Lon 1S ORB IA =3 
D2 Cs 15°C) lol + 7.75 2-14 . From Eq. (V0 34), SUT 5%)= anon 2.2x10 mA 
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: 


(0-19) (Cont'd) S.(-65%) = 26%*8.75 _ 6. 75, SCG) = SOXOTT or ogxia? mA 
26+7.75 S5%26. 
Henee, from Eq. (0-36), AL. (175°C) = 7.68%33x107+ (-0.862)C-0.375) + 2.2x1I0 K45 


= 0.253 + 0.323 +0.099 = 0.675 wA 
so LTS OCs |). 5S Ogee 7s yt ei A 


AT. - 65°C)= 7.68*(-10 ©) + (-0.862)(0.18) +7. O%KId *(-30) 


= 0.000 —"O1155 = O21 2°= —O.367an/\ 
Pel C6) C) mle See eee WN Saye 


From Prob. 10-19 | 


S(25°C) = 7-68 ; S'(25°c) = —0.462 mA/y 
S (75°C) = (FIeS.75. 


ae ea B05 5 S65) = ZKETS ~ 6.3q , 5!(750¢)= 1:53.05 
7-15 2147.19 * eer 
o 375%) = Z.A2KIO® 1S"(-E5°Cy = 2% S- 34 228527 KS) 


55K2 


| 


From tq. (10-36) , pele (75°C) = 7.68 “BIxIo? +(0.%62)(-0.1) 4 2.426 X35 
= 0.237 + 0.0864 0.085 = 0.403 wA 


Al, (-65%C) = 7-68 X(-187)+4 (0-862) (0.18) 4 $.27x10 (-35) 


=-0.008 — 0.195 — 0.290 = —0.453 wA 
. T.(-65°C) = 1.5 -0.453 = \.047 mA 


(0-2) From Eq. (10- 225) Tai ON -Nepige) a8) Viz (Ros Re) (HE) Ico 


Rp +Re(it 6) 

- '- Ole ‘a TRo+Re(\48)\L(vav '\ise) + POY I B(N+V'-Vee) Re nolyas oo — (Rot Re) io 

© [Re+ ReCiag|* EOF c 
Substituting and regrouping terms we have: 

_ (Vav'-y, \(Re + Re) (Re+ Re) Teco Lets Léon ‘ 
ct Sa eae ENO i ee ae eee ee ee ER UAE O AT E 

[Re+ Reta B)t2 BL Ros Re(I+P)) BCiaB) Beep) 9 
(l0-17) aud (10-238) . (Ic-Ieo) RED 
PUI+@) 


(10-23) Substituting Eq. (10-24) into (lo-2%) we obtain 


ta B (V-Vee sa (RptRe) t2 Ico] 
Now form the expression I.-I,,= BLV-Vee+RtRe) “5 emutisee eS 
Rp+Re +6) 
or Te Teo = BWe vee): 

: ; RpxRe(\+ 8) 
Using She hint , We have + poke a Pa wet Bel\* Fy) Subtract; ng unity from 
both sides of the edn : Fy pigo i. are Ka elis ba) 
Tee — Icon ra Tasbat Ro+Re(i4 Pn) _ = (B2- 8, ) (Re+ Re) ‘ B2— By Ss 
Ic, —Ieo Pi Rpt Re(I+82) ca LRet+Re(i+ B) J By (1+ B2) a 
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(Covit’d) [ies —Tcor) - (Te, —Leor) si Bae. 
e\— Leos B.(\+ G2 ) 


2 


oY (ice lees) ~ (Ie, —Iro1) GOP a) = Sn a (Ter —TIeor) Sz QED 
eerie yas Snr ae Bs Ba) 


(10-23) ay From the circuit we have: JT= 20.6-0.6 i aA 


\oK 
Since Ip,=Ie2=Ig , then I= 2g 41c,=2Ig+flp 


4 § ZmA=(2+48)1p . cae S 40 A 
Then , Te, =Icn= Ble = 4%x40x167= |.9Z mA 


b) T= Veer Nee 206-022 _ 2o3sg wA = (2+ P)I8 
\OK lok 


Or alg= Cz Anco ss ips Wore lta = BIg = 98X20.38x10° =2 mA 
2+98 
Avylying KVL iw the collector —-Lbase etyeuit 
of Q\ we obtain: Vec= (Tey+2T eR +RIg +Vee 
Solu ing Sor Ic, we have. I= Nee gt mee eT. 


QED 


(029) From Eon UO342) lola Cro eye (ho= 25 Oris) 
a O= | ne EAN) 
bye ae > Se One 


For the huyberbola bs =VeeIc=constant or Vce= = 


sloge = AVce = arar = Vee le es Vice (\) 
ATe atts ae ee 
At the point of tangency , ae 2 Ye 2) oe 


From (i) & (2) ‘= vee" (3). Also Vee=Vec—-TeRL = Vee— ~Te Wee 


c 


or Vee= Vee (1- +5) (4). From (3) Nee = + and from @) Vee =(I- =,) 


Hence, is -t= ae and Vee=Vee ot the yt: of tomgency. QED. 


/ 
Cc 


(02) <) Sinca the transistor is cutoff , PosilcoNer = Icell Nec Sheena) 


(I) 
To avoid thermal YUnaway , aoe 3 Bn ye 4, Eq, (10-47) 
From 0) and Eq. (lo- 51) a — = = (Vee mider) LOT Bes) a+ ray (2) 
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(0-27) (Covit'd) At runaway, OF .“kke — ms = 0.07 keVee — 2 (0.07). Re 


Olivo con a 
or 29 R007) Tee —(0.0T) Vee Teco +1) = yuo 
Vacwtsl Vee oe Reziao1e) 
then , ipa ot VOGT Ne NBC ee Se ee Se AR 


i.e. runaway will eccur for values 
of Ko in the ravge: 


Vee VWVee —BRc/0.070 Z sae § Veco +V Vef—SRe/ 0.079 
4Rce 3 4Re 


paNk -— &R./ 0.070) 

b) From (2) we see that MPN oe, Sole cole. the left side is always 
megative aud runaway is impossible. Under this condition, 
loo= Nee, QED 


(es 
are 


~ Vez —8R- 10.076 
a) From Prob. 10-272 , at the point of runaway, To= psi wos Sah a al oe re 
mi Vio = 30 — J 900 —%000/0.07x250 cc 30— V900-456 


Tigre ea ee PA ek ee 2.23 mA 
4000 4000 eae <}—- 
AT 
b) Ico @T) = Tco(@25%C). 271° Or 2.23 = 001x245 ; 2fh = 223 
Wye se AT Uv eadieor. 5 4h OKs | AAT=78° 
re 


Bence: Tos, 2okagere ioe IC. 

The ambient temperature at which TUWVQWOY will occur can be 
found fren Eq. (\0-42) : T}-Ta =OY 

where P= (Wee —Leok) Ico = (SO- 2.23x1)(2-23%15*) = 0.062 W 


mas, Va= “1; ~SRe= 103 b.062%2505103-15.5= 815°C. +— 


CHAPTER || 


(\-1) a) From Fig. J-l\4a_ we: obtain. 


oases eS _jiio 
ae Als ly, Zooxid” : 
POTS gr sae a2 
oe BV: \y ety 3 So3bee = nb Ae <-— 
ae eee eee Serr ere non ey teeaae ath 
as \+hge S6 UI 36) 
a Wee See ee AGS LEAD! 
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(2) 4) 6 dofinition hee= ae where frown Fig: \I-9b we eu: 
4 I, Ve2=0 
Te= hople-I =hple—-Vechen . Note that with Vee=O;, Vee = Vee=-Vep 
A\so) Vesie Vee +hreVee ~ _ (hrb-1)Veb ° Sulostituti ng, we have: 
hit hib 
ie = [etre ee + heb | We ; vee —Te -Te 


ree tel = te . = (i—hy — —) (ths) (\ 
oF Ty> —[ Bebb) shot] Velo — (ihre) Ver | @thee) (1-hrb) + heb] Velb 


 Weeeoe spare hob chip Mabe) = hibines QED 
Tho i AEb (\-hirp) +heb Se oe 
b) For the typical values ef Table |l-2 . hv, <2 | Senta hivhar Zé (14 heb) 
hence, hce ay Bate 
I+heb 
(1-3) a) By definition heb = =| where from Table Lhe ore get : 
Te Veb= oO 
Ip= —(Ic+ le) ) Tas hsely + Vee hee io hte (Te+Te) +: Vee hoe (1) 
Vee = hie ly + hre Vee = aie Wat Te) + Vre Vee (2) 
For Veb=0 ; then Vee = V6 +Vie = Vee TEMS. ey becomes : 
(\—hre)Vee = — hie (Ie+Te) or Vee=— oe. (Ic+le) (3) 
—nre 
Substituhiug (3) into W ,we have : 
iA) 2 ~ hse (Te+Te) = hie hee (Ve+ Te) 
\—hye 
or Te (+ ge + Wiehse \ — —(hpe+ hielhee | Te 
\—hrve \—hre 
Hence, hapa Ze =~ (hye + ee = — fe ~ brett hehe 
; le I+hse+ hie hee 4 hee) (l- hre) + hie hoe 
l-hre RED 
EP sEvom! abled Miazu aye mes icity ave Pee ee I 
Nero = VlOOx 25 aioe Sam se ig hpe = 50 
Hence : heb =~ — hee | 
Ithee 
Refer to the CC hubrid model Ob Stalble Wet. 
ee mee ENS : 
Nie - ae is 1 where Use = Lphic. — reve + Vee = buhiae vs hie ar hie 
ee 6 Wer Oo» where te=ty-le =—tp—heeiy es hee = Serie =the) 
hve = ee ioe where Vpe= Mohic — hreUece +Uce Wwe = ahreVee +Uce _ I-hre 


Uce 


%0 


(Cont'd) hoe= te tee where tcz—le = het Veehoe . hee = hee 


, With Veon=O, VeX= -Up+te) Re 


Venz=O =— tpRe -hcelpRe ~Vcehseke Von Ven 


Thus , Uce = — bpRe + hee (1+ hee) = —Ven 
ek heeRe x N ij 
and Vpn=iphie +hreVce +Ven = tyhie +tpRe U+h¢e) (i-hre) 
\+ hoeRe 
Nonee, hie = hie + Re(ith 


wee PME) (12 icc) ee hie _ Re(ith¢e) Since Mile oa | 
| + hoeKe l+hoeRe 


bite e where Von = hie + live Ute +Ven. 


b) hi. = Ven 
Ven 


. Also , Ven= UcertVen 5 VUce= ven 


7] 


= hele 
Ucn = Ven ( = roe) Cr Ven = Ucn res Re 
oeRe 
Thus, Vim = hre Ven + hoe Re Ucn a es ae hre + hoe Re 
i+ hoeKe \+heeRe fe lt+hoeRe 
/ . ‘ 
Bhp me Bay a) § beg REO Hae 
) fe bs ie where Le= hiety x Wee Vee ) Vce= (ati. (par a) 
OY le = lp |hte _ Maes Re (\4 hte) ayy oe - Wee — hseke 
| +hoeKe \+hoeRe 
A) hoe = te 
oe = cal where Le = Ven ~ Ven hoeREe = hoe Dene (part b) 
lp= 2 Re Re \+ hoeke \ +hoeRe 
i 
Hence, hoe = hoe 


| +hoe Re 
e) Tf hee Re << | F thon MS ~ hie 5 i (\th¢e) Re ) ee os Vive: + hoe Ke 
lies ~ hge-heoeRe ~ hse ) a = hice 


Mehl thav ©  Ve-hiIthnVe 6) 
des hail, +ha2V (2) 7 ies at af ep We. (4) + — 


Eliminate V and IT and reduce the above 
equatious do Aiey foes. ON en, Lone War toned Ta = herds +hee V2 
Substituhug (3) tuto (1) and @), we have m 
Phel hee Veena er Nee Gee CS 
‘ee he Ly have here. V2) = hail, = ns Seow re argh (6) 
From (4 L= (Maid, + biz haz Ve) /Ci+ hn hie) @) 
Substituting (7) into (5) and Simyplifying ,we obtain 

V, = (hin ~ beat +'( fun T, Va spat sk te bine. Ve: 


J+ hn 


| 


(Cont'd } Substitut ing (2) into (3) 
wis Vai cs i: rb aa ) eee 


aiid Dunne eaves: 
oy Ye CWrhs, Does Ve )/ Ct bare ae 


te / N L jae Sy i, ae, 4! 
At = pe. GhMay + aN + Vise V2 = SOM ae = Sire (Sau eo | + are 


|+ hit \i22 
// i YW / 
aha ae M Wa Viz 2 V i A i igi \/ 
=o 77 5 te oa hz2 — 7 7 z = 73\\ t=) 22 V2 
t h ( (+ his hoz ( l4hi, hee 
hi i 
aA) hie= Yee ae Pix 
lb Vee =O 


With VUce=O , the 

Circuit on the left 
reduces to hhat Ou 
the right . Frow, 
Prob, \I-S a we 
have : 


Nie = hie, + hie2 U+hse) (\~hre,) 


i+hoe, hier 


b) hee 7 | 


lb 


where ioe cant + heer te + Vehoe 5 Wrens = ihiez 
Uce= S) 


and U = Usanretus +Uci hoe, = Lp (ithser)— Vniezhoet 


oh @ ce ly Ut hte) /(i +hoe hier) . Thus , Vers eer e+ ger (V4 heer _ oe hiez(t+hee)i 


\+ hoer hier lt+hoerhiez 
(hge2—hoeihiez) (I+ hse) 
= 4 se 
Hence, hee igen tc ie 
ENTE | | 
¢) See eal where le = Veo me +here2t + Maerz Vce 
{p= 


v= hoerVer 
and VUce= Vat Wives + hrezUce = Vc, (\ +hiezhoer) Ds \ige Ween 


or Vce = Uc (t+ Wiezhoet) eee Thus, le= Lhoe2+ (+ hte2)U-hre2) heer Veco 


| + hier hoe 
lence ice eilncoup pe kver Mls yes) hoes 
(+ hiezhee, 
d hy = Vee 
ae Vce iL= where Vbe = hveiVei thier t + hve2 Vce 1 Vcr heer 
\— hrez) 
and Ve, = Ag tes) ining @As ijinjvart Tew sapere 
\thierhoer ¥ — : 
Sie 2 
males [retusa + Wrer + heevhier U-hvee) | vce 
printen aes \+ hier hoe 
Hence, hve = lren + (hrertheehies) (Ishies) 
a 
VK (1450) (1 a svat) t hiezhee wf 
el ern ee 2 ei. 85.\h 2 
}4+ 25 %107%*\ AKIO |.0275 
\:O275, Ss ae 2 We 
h = 25K’ 4 51 = 2.5x10 ) (25x10 7) ai2s5KVO> 411240410. jealZ 65 ee << 
are O27 s ee, 
Ween re (215 41+ 40.0275) UTESKIS 


my 
=) 2.8K 4 270 410, = 27-2540 4q—— 
1.0275 


$2 


W ge S. 
F Th WW 4 h : s- ey See” Se 
Yom Table we have: Ar I+ hoeRy 14 25xier x10 

Ri= Wie ewe AR, = \.\K+1%40.¢ “10% = 409.\ « 5 Ay= AR 


= 40.8 


4 
= 408410 _ 0.998 
ne R: 4091 


mile Po . 
oe Vise hee hre = 25 GrOri-’: = 25x10 ° 4 4.6 X16? = A.6zsx10° 


eR 4 (\.1 +10) 103 
Thus , Roz o2zixio® = 2172 , Ay,= AvRi 2 0.99%% 409.1 _ 9.974 


“th Ri+Rs 419.) 
ese values agree with the resulls of Figs. Il- 14 40 W-17. 
29 ie : : 
a) R= wee | , but by definition Sie hie c 
bbe Vce=O +9 : 
hie = ves | ee R, =hie R;: >y VreVee big - 
Lo We =O0 3 be 


=O a 


= 
Similarly, R. = ues) = 
ly IVec=o a 
From Table \\-3 , we have that hie=hie 
- Rak! QED 


b) From Table \\-3, we have that hoe=hoe 


The out put impedauce of erther Circuit 
with the ‘wput open- circuibed Up=e) 
is by definition hoe = hoe 


From Table I-4, Re=hi thyArRi and R= Av Re 


Substituting, Ri =hi+ hy Ar AvRi _ hi + hye AvRi » Rie hi 
AI \—h, Av 


FYowm Fig. \I-!2 , the short - circuit curreut is I. when Z.=0 
Thus, Tse =heT, where I,= Vs/(hitRs) since Vr=0 


So, Lec = he Vs /(hit+Rey the open-circuit voltage, Voc , is Ve wher 
ZL.= ee. Then, Vor =~ helt where I, = (WVs-hrVoeS/(hitRs) 


h 
E 2 = sol 
= ne (as ce, Voc = fed A 
so , Voc ho\ hi+Rs } — holhitRs)—hghy 
& ake lee sheinerr okt 22S gel a helps QED 
Von he Vs hit+ks 


he(hi+Rs)— hgh 
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I} ResO,. ResiRieahij by definition. 
Mies Pouce Cae LN cae ing Ly where I,= Mr ae 


he 
or Wee a elige ShNd =hI,- hhe 1. re aoe , 
Thus , Rico = + = hi - rhe. : Saehhaing we obtain: 
ox the Ree et hi~ eohe as 


an law a hehr 
Rs + Rio Rs + hi ) ig he cs more Mi he- eee 


Comparing wanth Table 1-4, we see that the equality is true 


O13) For Fig W-14 


A ees = ea ut a N : = =— 
ei \4hoeRL l425xI0rxX10 oo ioe Figure : Resosne Ax 7° 
RL=10/ AW. Arz=-0.2 : A aes 2° = aes ra) 7 
te ) ) 1 \+ 25xIOKIO! 25 
bE RSP AT ONS Ar sige ese Toer | Sue TS = «x O98 
l+hobR [+ OF9XIO™KI0 
RL=!0'2, Ar=O17. Ay = _ 098 Ogg 
) Paes eee ce = 0.166 
| + 0 49X10 KIO 5.4 
BRe= OSA Sh Aw S! 
MS ON pears ered hea 
7 | aL MS) Fk) 
Rise ees ran Orcas LN lh tata hie nie Pg ol bh rie biaras 
| +25 Kid®x197 25\ 
For For Fig. W-lé 


a) Ru= 102, Ri = WOOSL, Ri=hiet hreArR_ = 1004.2.5x16 *(-50) 10 


Ree lO Kn Re = COO Sze Rew N00-+2.5x10"(-0.2) 10" = (100-500 = Gb00n 
b) Rr= OSL, R= 21.652 5 Nos ele +2.9x10"(0.9g)10= PAS AGE. 
RL= 19, Re = 5032 5 Ri = 2 1.6 42-9 X19*(9,166) lo" = 21-6+ 482 = 503.6 SL 


CR =O Sy se = OOO SL et = N00 + (4S =A OlOrc 


ros POC Roe 


RL= lo’, Re = 203M, Re = N00+1%0.203 X10" =~ 2.03M 
For Fig. II~!5 
a) Rie lon , Av=-0.45 5 Ay= ALR = Sass fe SiR 
. N 
R= O62 ) Ay =~3300 ) Av = co a 3300 
ote) 
b) R= 10M , Av=t+0-45 , Ave CAE 10 = 0.454 
\- 
RL= lo, Av=+3300 5 Ay= oleoxio’ — 1660x107 _ 3396 
i 503.6 J03.6 
¢) KL =l0o2, Av = 0.31 ) Ay, eS NESS Oo. <7 
ne 2 = 
Rosle, Ay = ) Ave= eee! ay | 
For Fig. I-17 ddaeos 
ij Ky aliGgerk sa) 7 5 cnemetee hs bene = 25x16°- ass Soiarek 5 Roe 726K 
ie 7 3 , nN Ss = 4 
Re=tSiR THK 5 Ton arect BAHT a OTS, Rex dOk 
lole) oO 
b) Ke= 1932, Re SAO Kk ) Ss 0.49 KIS O4 oaeneaaise 


OOF oa = (OS 
VGE ota 2 
\o pol Ko=<: OTA emi, 49x5° + 248x284 x16 A 0.49x10°5 Rae 2.04xI0° 


Rs = 


&4 


(I-13) (Cov) 0) CO. Rex 102s, Roa 2VTLe Vex 25x10 cs ea = 0.046 , Roz 2)-72 
\ 
R= 10" , Ro= BS ZA 25x16" + a = O.30IKI0* . Ro=33-2K 


o7 D) 


oS “aes 5 ek He Vea + View dps 
; =(hoe a h¢ehre \Ve 


hiet Rs 
Hence, Me = a = ne cab n nk lrehve 
(= © 
6 50 ‘ nee te 
s K25xX10 
Beis 5 RIO = 2S ee fs er ee : ? 
= : ee eo, & = 72.31 
(I.1 + 1103 : (9.1 %0° 


(1-1 COR 
From the circuit we have: Vo=-hgel, R,! 


where FR =R,|| Tee = IKIl40k = 42 
Also Vi=hie + hr Vy 4| 

, eVo = Ti (hie -hrehse Re 
+ EE A ae aS 


po te 
M. hie- hrehte Ry, 


(~ SOx 40/4) ) 
I. —2.5x16 50% 40 


Frow the left-haud ines): R,=!OK 3 RFr200k 
Wee lOl, +40 Ty +2.5ui54V5 (1) 
Qutside mesh : 

Vs = \O1,\+ 200 (1,-T,)+ S1L,-SiIgje @) 


4 (1,-51I,) 


i 
i 


Output : Ve = €(1\-51T,) (3) ng 
=!0X40 
‘ a =3 1 ———=8K 
from (1) & G) : Vs= lOT,+ LIL 42x16 (1.-51T,) = lOI,+'-oT,  @) Fy 
Frow (2) NGS 2B Ly oe OS shige (5) 
(5) -(4) gives: O= 2081,-609T, or I,= £02 7,- 2.937, 
Ea Vs = 297.2I,+I,p = SOre2 Lis or Ap = nar = 0.0331Vs 
Then , ae 2.93 X0.0331IVs = 0.097 Vs ; No= $ (0.097 —51X0.033 IVs =-12.7 Vs 
Also, Vee = ll I,+2.5 x10" Vo = (|-1x0.0331 — 2.6x1% 12.7) Vs = 0.0332Vs 
= Me = -12.7 - R= YBE = 0:0332Vs _ o.342k = 342 2 t— 
eee Th: Lig 2 BG Cape ood avai 
Be —Vo 
Agree eaieere acer deT VE a <— 
a a ’ 0.097 Vs 
Ay ae peo SCE ANS Lie ee j——— 
Vee 0.0332Vs  ~ Aas 


G17) a) From €a. (11-27), Ry =hie - hee hre hre ; If Rizo, Ri =hie . The value of RL 
hee + Ve. 


for which Ri = O.%hie is Lound frou 0.9hie = hie - hfe hre 


hee + YRxi 
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Mr ent) .oe, Peng be ON PINOy by ei ae 


hsehve -Olhiehoe % 5Ox25x10 — 1 oO 


——— 


\ 

4x05 

b) For a CE configuration , i re increases , then Ro Gecreases 
slightly. See Fig. \\-I7. If Reo decreases by \OS sual ais = increases 


by WV% - From Eq. (\I-34) ; No|. Fee 1 alg hte hre 
ST oy hie 


ara 54 


~ 11\oo0 
or Nol a VeCs Kio” 
eon ‘L ~6 izsxio* 1G 
5 = (‘oO — ———— = 15.15 XO 
Thus, (l.1)¥ (13-63 X10") = 25x aE SASS: 
4 ~6 ie a 
oy _GS-\S. \S lO =, ISS4'9> Log es xie 
ise ree 
ov ete a a EE OU ie, -. RszOl7k = I70OQ + 
9.35 
(il-18) ay Ki = = where Whe Utes hye Vee +Vewy & hie (© 
+ 
Ven= (T4 Vitel Veehce) Ke 


Vee = —Vew = RL Chsel a Veehoe ) V: 
= (Eriol Veohoelrecinmnel celiac) | 
or Vee (It+hoeke +hoeke) = —1}(\4+h¢e) Re +heeR| 


Thus, Vic Il hie + (thye)Re] + Vee re thee Re) 


[ (—s eKe R 
seh Tg rR Or ences 


Hence ) Ki i hie A (+ hse) Ke — (hrethoeRe)| (lt hte) Re +hreRc | 
\4 hoe( Re+Rr) 
Pribaien ies i oud using the h-parameters in Table 11-2 , we have» 


ya 


—-4 
Reo (1K Ke ee CL OeS VS AS 2 57: | eee 
: 14 2sx10% (2 103) |.0S 
(5 20 Ee =e 
Rs=lK Wie hib Iz 
C19) a) From the equivalent circuit ond ) = 
the values of h- parameters wu 
Table \\-2 , we have: 
Vi ohielethyev, = )(ltzsxto wy, (\) 


M = hie Ts +hyb V = ZAGKIOT, +2-9K10 "Vo (2) 


2.04M ||5k 
=5K 
Von ich = = heb 1 L = 0.94xST, (3) 
Tz = —hfel, -Vihoe = -501,-25x15°V,  @) Substituting (2) & (3) inte @ we have: 
T, = -$0I,- 25 K1S° (216K 4+ 29x15 %0.96x5) I, SRO Te (5.4x1074 0.355x10’) tT)» “sor, 
Thus; To = Shibis = 5042, Geeta aga uo Ale =H eA Os 
' 
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I-19) (Covit’d) Substituiing 2) aud GB) into ) we cbtain: 
Viz A I4 2.510 (216K 7x 491, + 2.9x10 *x 4:49X%4 4 TH) ee oN aly Ty 


Hence , Ri = 3 ats int Thow Ay = Ax Ki" * 4945 Bh tip ie Je 
Ri \. | 


| Avs = Ay ei = 223) dis 
R4 Rs ie 
b) The nehwork in dotted lines may 


be replaced bya single two- port 
with h- parameters given in Prob. |I-6. 


! ! " i 
Thus, hy = oe his ha, hn = iMWkKe 25x10 4x 50x21.6.9 mes jvc 
! 1 \+ hig ee Z }+ 21-6 X25 x16 & ey 
Vis = hie Vavz = 2.5xI0 K2-9IKiG4 -& 2 & hay jas a —50x (- 0.93 
rahi ch: Slo Ae Dic Kas nee ER NNS?” nn GInGs aaa DAIS 
wh , oa Ry Ithin hoe ee Aas 
! Me = - -& 
or he = 49 aud hi =ha hive nar baa = 0.49xKI15 "4 2.9K15 “¥O.98X25%15"_ 6 gay io® 
Ithn hee [+ .... a 
From Table \\|-4 we have: A; = __ hai aged << age Maa ot A 
\a\a2RL Lt O4GKIO 5719 
Ri=hutheArRy = 1-lK47-25x16% 49) (5x07) = 1.1 K — 
Beenie . -490o 0 oes ud AveeeiSel= —S9K ip gq 
R 1. | R+Rs it | 


Beton se te 2 ah 2 50 


uf 


SV Lee. ap A. 
Ip 1+ hoe RL I+ Y%4o 2 
t 
Ri = hie+ hre ( ALYRL = 1K +2-5x164(- 44.5)(5k) 
=|.05K 
Then, Ar= do = eer — At Riz =-44.5 73 
i Te. tt RatR, 9.14 1.05 
or A; =-39.3 <a Re Rio= RUIR,= LIK 
/ 
Re =Ra\lR, =91klllosk= 9432 ¢— 
Ay= Arka = -39-8%5K = -211 , Avs = woe — ale OAAS _ _ie.5 qi 
Ri 0.943 Rit Rs 0.943 +10 
-4 a -6 
Ye = ae — hte hre - 25XK1I0 — pereenii-u = (25-2.12)16°=22.9x!0 {#) 
; 1. K+ ojl9.1)k 
hiet RS 


at) From the equivalent circuit, 
To= Weel +hocVo =-5' 1+25x10 3 (\) 


o= “IoRL = -10° To ) 2 
Tz rhgeli hoe t5!Ty-25K10V GG) 


Cil-21) (Contd) Substituting (2) & (3) Iuto (I) we obtain 


Iz -511 - 25410 10° Tel S ESP ooze lore * Que 49gres 


(4) 
T= SIM ~ 25x10° (1.Ki10° IT 4 Vo) =) li 0.0215 Fb 2ERIOE+44.Z X10" Ae 
a ee es =/22.5 3; thus, lo=—49:6 (22:5) 10> ZO ee 

a 

i Wet 
Hence | Aria ae Be ere : 
Fron the circuit we a\so have that: Vs= hice li thee Vi = Mio ly 4+V, 
aud V,= hicl thre Vo = LIKI T 4Vo = 1.1xto?L + 10°(49.8)T = 50.9x10°T 

3 
or V,= 50.9x107 (22.5 Ti) . Thus, Vs=(ll4+50.axv22s)io® Ty =1.146Ki0 J; 
sits) ae l, Fate etl eA = Ag Re oC Aizoxre ep gun 

Hence , Ri aa are hy Re “T146%10" WS 


b) Replacing the compound connection by a single transistor whose 
h- parameters ave given in Prob. Il-7e , we have: 

z 22 Wee Endie-5 5) 
lt Woe Ri 141.-265x10 Ki 


Ay =+i20 <+— 


R; = hemos Ay Ry = 55-7K + 0.973 ¥NZO*IK = (55.74 1090)K = l.146Mdt— 


Ie oie. tore ie 
¥ Ri 1.146x10& 


From the civcuit we have: 


= 0.9% —— 


R,=!0K hb 


—T, = hieTy +hoeWe =50I,4 25x Ve 


Ve = Vo - (ly—Te) Re = Ve — 10° (Th=Te) 
Vo= +IR, = +5x10° TL 


\\) 
(2) 


G) 
Substituting @) & GB) ivte ty 


— 


we have : 


RS ~6 
I,= 50T, + 25x10" (45x10°T5-10° IyHi0°T.) = 49-751, 4015 T, or To=-43.3], 


Also, Vi = hiely +hreVe + (Tp-Te)Re 5, Ve = -5x10 (43.314) — \0°(44.3T,) 2-26.10 T, 
ARAN ERS IIX1O Ty +2.Sx 154 (-26.1KI0FTL) 4 44.3x10° FT) = 45 3x19 on 


qj Te. I; 914 45.3 
It coche esd \ der ae FAS Ss Cll 
pees 9N+A4S.3 
Ay = ARE 2 = h2545 28) 4.77.5. Aye>, Av =~ £1 Teg 
Ri 716 R.4+ Rs 7.6410 
Rs =10K Ry = 200K 
From the circuit we have: 

To= (:-Tu)-hfeTohoeVe =-S1Te4 Ti -25x10°Ve 0) 
Ve = Vo + (I5-Ti) Re = Vo +1001, -100T; (2) : 
Vo = HB ~ lowele 


SS 


(1-23) (Cont’d) Substitubiug (2) & G) inte UW) we have: 


£2-5)\. 3, +1; - 25x10° (\o*t, AIOOTS-100T; ) = - 511, 40.9915 Ii — 0.2529 T, 


Also frou tho circuit Ni = Mie te + hreNec + ae -I\Ke ) 
Syow the outside loop o Nios ROC -I,) + Ve ($) 
(4) - (5) © = hiely threVe +(Ti-Te) Re — Re (Ti-Tk) -Veo 


4 
oY or Te 425x190" (10.1 X10 T, -100T; ) +\00T; — \ooTo-200K10 (Ti-Iy) “101, = © 


of Ty = 0.05 O31. 4046 4T; ; Then ’ Te= -5\ (0.05031.+ 0-994T; 4099751; -9.2525 its 
SOLS — IS, and I= 0.3397; (6) 


From (6), A; ae = <— 

: 4 
Substituting (6) wnto (5) : VV = ZOOKIO? (\ - 0.339) Tj +10 (-13I;) = 2.2x10 T; 
Hence, 


Ri = Me = gee and Ay = Ax Ke =~ 3X0 - 59, Ay,2~ 222% =-10.65 
Ii Ri 2.2 2.2410 
<— 


From Table +4, Ri=hiy— Whe Lso 9 . Using the h-yaraméters 


eee 
BO of Qed Camere in Beit 
—~6 | 
0.49xKI0 + = 
Or : i 0.994x10 ?- 9.049xIS? = 0.945 x19° Sars aa 7 3 aR 


Fig. \l-20 vedrawn as CE is shown 
in (x). Conversion of current sources  () 
of circuit @ and of the given circuit 
is shown in (b) and (c) , resyectively. 


Ate 
SeMeahal lmao 


For equivalence , Vea = Vela! 


OY Aleve ~¥e (iti) =-Aevaly-ta (ip4 te) 


\ Giprte) : 
Cel 
| A Se een a as aE ¢ 
or We Ye +e (I-A) = Upllede)ratigky (¢) “e > > oA) 


Cip+te) 
Hence, Yy =(l-ayK 


and KW= (It+de)Vq =(l4de)(-a)ve = Ve Or (+a2)(I[-a) = | 


< \ | Pom | 
or \+aGe= — aud Agee et Se ee QE 
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me) 


Ave 
ib = = where Vep= tevorute (I-a)(YNK) s= a 
Vcp= 0 t ; 
From Table |I-3 we see that typically Vel Veb 
Ye =590S. & Ye = 2.04M . Thus, Yl, = ME Ib 


Thon, hip = ret (I-A) rp | le eh 


Ye+ (-ayKH, 


re 
se % 
hye = ee where Vevp= Vp Veen Ace oan hyp = 2 
V \e Y 
te lug=0 Yp* Ve Yo c 
Wgp = le | where Des Soe! Les Wi, ; Since. 1 4C¥e =e hgt 2-S 
le Velb= 2) 
she We) 
Ver te=O Yor We Ye 
From Fig. \\-\9 we have: Vey — Verd co Vew WW) 
; : / 
and be =-A le + Ve! (2) 


C 
From (2) Ved = &X eV! EW Substituting iw @), we obtain: 


Veo =le(ve apa rey+ bev &) 
From Fig. I-20, we have: Veyaielre +) +icX a 
Equating (3) 2 @),we get: 


and 


ry = re 
Ye+YW, = Ve r+ ra Yo = Wee eee Ye=Ye-— (I-A) = Ye~(!—ol) ute! 
From (2) above we found that: PO = OU es eve (5) 

From Fig. Il-20 we have : Vc = (Ver Ble) Ve + (ict Le) Ky 


OY Vcr = LolGrerY)ale(msK) &) 
Equating (5) & €), we get: 


Y~' = Vet = Ve + pve’ ne eh Ye’ (I- 4) 


ond Oni netreenr. Or ote = AK 1 


ox a= && -Yy =i ( oe de) 
Ve Ki I-pP  \-yp 
a= &-y_ QED 

er 


CHAPTER 12 
(2-1) a) Starting with the second stage ; 


we have: 


Ar, = - Jo = hge 
Ip2 )+heoeRv, ri 
be) ¢ Ax rains ad = A Vs 
* 14 4%/goK 2 


The input impedance of the transistor itself is: 


= AC equivalent 
Ria thie +\re attic K+ Z.5x10" (- 45/5 WAM MS INSO AIS AilO2 3 al 


Then, Av, = AtzRee = - 45:5%4 = -172 
Rio 1055 


Gi is in Cc configuration. the effective load is R, = 20K \|20x\\\50k IRs 
or R,,=0.960K . Thus, Az, = ~ hee 


\4hocRe, Ter 14 89S Jd 
Ri, = hic thre Ar, Ru, = K+ !%49-8X0.96K = Lik + 48K = 44.1K 
Av, = ee = 448X096 _ 0.977 
i 


4q.\ 
-s (5x! 

Yor = hoe — hechve, = where Rey= lokllak]look =8.26K 5 Yo= 25x10" - 

hie *Rsi 
ss -3 
or Yo, =(2.5 + 544)x10? = 5.4619 o. Roy = 183 
Roit= hoe = res where Rs2= 183n||2ok IzoK 50k =130 
ietMs2 a 
a Sx10 = -F . Ha LG: 
oY ats = 25x10 - ees = (2.5 -0.98)x'0” = \.52K19 Roz 65.7K 


Now we can calculate the parameters of the entire aumylifier. 


Thus, Ry = Ri |9tklltook = 24K; Ro = Rorll4k = 65.7kl]4k = 3.77 oes 
Ay = Av Ave = (0-977}x¢172) = —168 5 Avs = Ay ay =-lesxZ2t =-119 <q— 
its 

Ar = eee) BWR) {ECR o7o.. Ar = AysikstR) =-1010. q— 

Te Ria 4 aoe Stee 

b) Using Table 12-2 we have: Stage Il. (hoeR.,=01), Ax, = —Wre=-50 ; 
Razhie=LIK ; Avz=—- heR = -50%4 __192 5 Rr, = 20K |[zoKlISok fli. = 985.0. 
hie V4 
Stage a (heocRi, = 25x10 °% 985 


= 0.0246 ) Z Ax, = I+hge = S| A Ri, =hiet(+hseR, 
oy Ri = lik+ 51 (Q9g5k) = 51-4K ;, Ay, = 1-hie = \- 


ho 
ee ie — - 0. 
=< eg Ri, Dille 918 
Reg So Ay Roy Paid Mer ie | (ecole 


Mas nat Si = | 
I+Wte = $4 SL 
For the entire awylifier. 


/ 
Ry = SUK] 91K |] Ook = 24.7 K Kec eee ae 
Avy Ay, Ave = 0.971% (-182)= —178 } Avs = oe = 127-9 ct 
Ax vith eel ee SL Any Ar, = C1275%34-7) =—\l00 — 
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aoe 4 


Tbz  I+hoeRi. 14+ %o 


Ria= hie +hre AL. RL, =N.1K 4 (25x64 (45.5) 4k) = 1055 2 
aK 


(2-2) 2) Stage I: Ayz,=-Je = hte -50 


=-4%5 


-——_—-e =e = 


v2 = Ar. Ree = (45. oe 
Ave = Ax 2 = 645.5) ae = 172 : 
Stage ¢5 ge Ri, = ISkl| Sek] 4k || 1-055K =0.776K : 
Se rey eee eee me NG i 
Ay,= a reer eas 49, | equivalent 
+o 
Ri, = Woot (2.5x16 *) (~ 49.1) (0.776K) = 1100 -9.5 = 1090.5 
776 
Av,= —- 49.1 T0905 =-34.9 ) acs hoe — Mere where Rs =[lk ll lok |[z00K) = gos & 
: = A: ie s\ 
o 50%2-Sxi ae = 
Yor = 25x15? — — = (2.5- 0.625)x6> S1eSISKIO Fey Ropeioseae 
For the secona stage ; Rs =(63.4Klliskllsexll4) = 2.19K 
mi a8 NSS ee Sei =s . Rer= 46K 
Yo. = Z2:S5x167— Wer (215 — 0:92) Kor = 2.15 KIO as 
For the entire amplifier . Av= AwAve= €34-9)(¢172) = 6000 5 R l= 46k\|4k=3.68K 
Ri =(Rilliox|[zook) = 980.9. ; Avs= Av RE = pooo “2% = 2910 ae 
aR , 
Ar= -le = AvRil _ g000%1.09K _ igac- = Avs(RstRi) - 2970X1-I8k 
Ton RE, ae ean ee 
b) Stage IC: Arz=-hge = -5O 3 Rizehie= "IK 5 Ava > “hier = -soxd = 192 
Ro» = ce : Ru, = (ISKIISEKI4 KK) = 0.8K hie Mi 
Stage T c Ax, = -SO 5 Riv= \.\« y Ay= "sonnet =-36.3 5 Re, = c 
/ 
QWerall : Av= Avi Ave = (-36.3) (-182) = 6600 ; Ri =(Ril}toxll 200k) = 935.2 a Nee 4K 
Avs = Av_RiL = 6600% JSS ~ 32g0 . --le = 6600x111 _ 
A Reis 1985 ‘ Be Tet biekas i ge Som 
Isic oy c= Avs CRsteiee s230Cides)) 4 
x Riz 4000 ee 
12-3 as : 5 
a) 0 dBm — 10°W in a@ 600M resistor . P= oY V=(10 xe00)% 
/ 
or V= (0.6)% = 0.775V ao 
b) 20 dBm corresponds ta power ratio of 100 = oe where R= low 
‘ 
Thus , eee loOxId 2W =" O.AW = = ov ave (6\% = 2.45V 4 
Tf. R=GooK , Vi=0.1x6oox10* = 6xiot al V = (6c) =ia4p eee 
Stanegie f 3 
= ASD hee area (Rc,+ Rez)hoe = 3-1Xto Ss = 0.0775 <O.\ . Thus ,We can use 


the approximate analysts, Le. Teble 12-2" 


At, = -hfe =-50 ; Ris = hie + (4+WgelRe = 1IKFE5IXO1K = 6.2K ; 


Ay, = ~- WeeRi2 —S0%3) 2ul24. 2 4 Meu Sos 
Stage I. pS? sie 2 paler eee 
Ssrage I “Ri = 8KN62K = 3.49K 5; RitRedhoe= 3.99%I0% = = 0.0999 Zo.1 


A '.) , 40XK103 _ 
A Mae Approximate formulas: Ai, = =50" 5) Rie IK RSI*0 6K = 26.6K 
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EA (Cont'd) Ay, = - 50¥3-49K 6.56 
Entire ampli Gee. Seine 


) ror = co 


Ay = Av Av, =(-6-56)-24-2) = 159, Ri = Ri =26.6K ; Ry=3k 


Ar = AyvRi 159 X2 
59 X%26.6K = 1410 ; Avs= Av_Ri 5 Wa 
= = Av_Skt_ = 
Rea aon ek Ri+Rs Sees hy 
I2- 
oO) Exact analysis: A ee hsb —-0.9% 0.9€ 
Saat rie ee saxo Fate : 
R. , io 4 ob iF 14 049KI0 X4xI0 1.002 
i= hint hypArR, = 21.6 4+ 29x15 %O.98x4x107 = 21.641.) = 22-72 4 
R Ri 22 ri ee dare’ 4 eke h OT nen — 049K Cc 098)(z 9x10) = 0.62710 
ott = 159M . RZ = 1.59m)| bt Ks Z21.6+2000 
, Ye | a > = 1-59 \\4k~x 4K ‘ Avs = Ay BS ath ee) =, Aca 
pproxitmate analysis : Ar = -hsb = 0.9% bem denies 2022.1 
9 ») Riz hip = 21-6 4 
Ay = heb — im O09 % Seco ; 
A #000 2182 5 Re=ee 5 Ro = 4K 5 Avs= 2x2 @1.94 
b) CE : Exact : A;= — -~hse _ Siisieo ea. nays 
. rales vA Tee - 45. F, Ryali\kK+25n10 (-45.5)(4 «)=1.095K 
V =-45,. 5 055K = 72 ) Yo= 2. 5x10 *— 50x2 506" = (2.5- os btiaics ZAKIS o 


eet 1100 +2000 
oF ag H 47-6 5 ROH Azeilak = 3.7K; Aves TER = -995 
sz 


s 055 
Approximate: Ay=-50,; Ri=llK 5 Ay=-50%4K . -\e2, <-— 
Avs = -182*% L156 = - GA. ; roniaael: '= 
be s -aTe 64.5 : ee Ro = 4k 4 
¢) : Exact . Ay = —hée> (2.053 = 46.3 « Rye Melle + 14 46-3K4K = 1S6.3K 
nies. I+ Vao . 
Beets Me yl Baye 2 + gilt a5 1 l51et =2 
ms ee en ere Ee 0.994 3 Yo=29%9 + B55 = 1.67 KIO 
Ro= '/ierxig? = 6OR ; Re = 60N||40002 = 60S ; Avs= 0994-825 = 0.984.<— 
Approximate: Az = (Uthee)= S13 Ri= Vik +5IK4AK = 205K Ret 
> A eee = 
Ayei- Hh, 20995 5 Rox Rethie = Ztiin= ses; 
= Soo 
Avs = 0.995 222 = 0.985 , Ro = 608%||40002 = 600 I— 


STA , we use the ayyroxi mate analysis. 


ae - ) Kis a bs es ae = —hte Ruz = —-50x O:7K = -—3l ‘ R = oo 
Stage we Line aelNeat. 2«\\ oan a beggee 
hig , : LK )3!0.7.7 346 . Use ayprox imate Snalysis. 
Ay ec comeahy wlicae Ay, =e"5o Rea te - Ry, = 0© 
: ) i 
Over ; = = - 
veral| x atts = €35)x(-31-9) = 15 5 Re=Cikl]33K\\22k) = 0.795kK = g+— 
ac ANE) be Stee oe As Rene 
Ri+Rs T9F+1100 3 Reine <I— 
I2-7 : = 
cat pls Nee a >0.1 «-. Use exact onalysis . 
= - -5| 
Ts Rarere ec 2k = 14.6 > Rig =(l.141%14-6%100)= |\AK\K = 1.46M 
Avs =1- '*7ige1 = 0.999 rsa 
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(2-7) (Contd) Stage IP: Ri, = 27K1-46M =27K © Again use exact analysis. 


= —h 2€ = —50 ise — Fon eit : nae -4 iv 
Ax, eee Pe eye ene 29-3 5 Ry p= 11004(2.5x155 €29.%)(z7, 000) 
of Ntz =\l\00-—200 = 900 
Ay, = Az, Ruz = -29.9x% 27K - — B95 er 
Ria 0.9K 


Stage IT: Ry= loKllogk = 0625k . Here hoeRi, 0.1 .. Use ayproximorte 


analysis. Thus, Ayy= (+heel = 515 Ri Slik + 51X0.825K= 431K 


Ay, = = = = 1-0.025 = 0,975 jee 
Overal] : Ay = AvAva Avs =(0.975)x (- $95)%x (0.999) = -870 

= : . a one Rio Layo 4222 71 eee 
Se ee ay cm, RES vanie aera Onentae 


Stage IL : hoeRL, = 10 x5KI0° =I Oils Use approximate cmalusis, 


Ria=hie+ (shee) RL, = 1K + 51X5K = 256K 5 Ayal-Fe = 10009920996 
Stage T . Ru= loK\W256ek = 9.63K . Again hoeRL, LO. 


=~hre Ret - 50x 963K. __ ago 


hie \« 
Overall : Av=Av, Ava = - 482 X 0.996 = —4R0 ) Avs = -44%0 os =-240 <-— 


Stage T < hoe (Ri.+Res) = 25x15" (2050) = 0.051 CO.1 Use ayProximate omalysis 


Ata=-hge=-50 3 Rea = hie + (Ithge) Rea = 11K +51 (008K) = 1.142.55 = 3.65K 


Av. =A Ku may AS = -27.4; FR = Or 
V2 Te Rin 50 305K ) o2 


Stage I Using Fig. \2-I26 and 
Miller's theorem, we can redraw the 
first stage as shown: where Vi 
R= lOK]Riz = 1ok|I3.65k = 2.67K 
Since the effective load is less than 2 
analusis. Thus, Ar,=—hse= -50 , (l- Az, Re =+ 5) (500) = 5IOSL and 
(I- At.) Rei = (1450) (0.6k) = 25.51 > Riy = hie+U-Ar,) Re, = 26.6K 

Then, Av, =Az, Ree o59 2G) 


(I-Ar,)Re, 


67K , we can use the ayproximate 


- 67 

OV 26.0Av,(2.674 12° )~ ae 

Ris 26.6K (aor ae) 59 - \e— Ay, 

Av 
Or 7IAv, +2660Ay, -7) = -13,350 Mi Ay == 27H 7 Oe ee 
273) 
Thus, Rs _ look =\7K and R; = 17kl\zeek = 10.4K , RoO=aZK PNidas, 
I-Av, = (+4.%6 


' \O.4K 
Av= Av Av, = 4.86)(-27.4)= 133 5 Ay= Av Ri - 132 = 690 
L 


2K 
The gain of the first stage must be small, because the Miller vesistance 
Re 


ee shunts the input , thus reducing she tnput resistance , Re. 


oe 
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(219 (Conit’d) Choose Rea AIK iand RenHi50M.. Thiclamuresefhear Ro<3K_ 


Then , using the ayprorimate conalusis, we have: 


Ay, = —hje=-50. 4 Riz =hie+ (thee) Re, = bl 4 (51) (0.15) =1-1K47.65K = 3.75K 
r ise. Poot les > 
Av2 = Ai, = 1-56 ers I5.4 . Thus, the voltage gain of the Civst 


stage must be at least 65. let Avy=-7. 

TE we let Re =05K , then for Ay,=-7= pot where Ry, = 11K+51(0.5K)=26.6K 

we have : Ry,= (7%26-6K)/50 = 3.72K. But Ry = Res I Riz =(Re%8-75)/ (Re, 48-75) 

Solving for Re we get: Ra = 65k . Use Ry =6.8K which Is commercially 

available. Then, Rii= 6-3\18.75 = 3.88K and PNi =e 20.557. = 723 

The Miller vesistance shunting the imu us, then , Re = (ook)/(1+7-28) 

oy Rezl2ik. Hence Re=aRallRe =eexiiizik) = 33k 
Av = Av, Ava = (-7-28)C15.4) = 112 ... OK 


and Reo = Ze] Genes oK +— 
Note that the Miller resistance Re = Re/(i-z,) = \O00K/(\—0.137) =86.3K 


appears between the cdlector of Q) and ground . Its value however, 
is too high to allect any of the yrevnous calculations seriously . 


Stage I. hiR.,- 44 


aoe (wee Use approximate analysis. Thus, we have: 
Ar, = (ithe) = 51 5 Rive hie + (the) Ri, = 11K 451 (4k) = 205K ; Aye \- 3° = 0.995 
Stage. I Ri, = Re, \I Riz \| Ry, 


where Ku = (ook) /(1 = oe ~ \OOK Assuming 
that [Avil s> 1. Thus, Ri, =(z2K W205k]}look) x 2K and NoedRit Re,)= 21K =0.05 0] 


; 40k 
“ Use = deegeraieg analysis: Ay, =—-hte =-50 5) Rey = K+ 51 (OK) = 6.2K 
2 

Av, = - 90 62K - ~'6:) 3 Note that the assumytion made above that 
JAv,l>>1 ts satisfied ond Rm = VWook) N+ wh) ~ JOOK 
Reco . Ro, = 2K =Rsee: Then, Roz = Rsethie _ 2K+lik- 6032 

, : R ithe > \ 
Qverall : R= RUIIRu where Ru= jay, = UeOkK +161) = 535K . Thus, 
Ri = 5-8Sk]]6.2K = 3K ; Av=AwAv2 = (-16.1)(0.995) = -16 <<— 
Ay =- 22 = AVAL = -16«%3K. ~ 12. Po= ReallAk = 60.821|4k = 60 2 +— 

Ic Riz 4k ee 


Refer to the configuration of Prob. 12-1 tn the text. 
Since the second stage is au emitter Lllower with voltcuge gain less 
than unity ) then the syecitied voltage gaiu must be provided by the 
first stage. There is on upper limit on the gain of the Sirs} stage, 


however, imposed \oy the Miller resishance Re/(i-Av,) which shunts 
tne input terminals aud hus reduces the imput \myecdouce. 


Conservaiively , let us design the first stage te provide | Ay,|=18. 
Let us,also, choose Rei=I502 and Re2=3.9K. The latter choice is 


based on intuition. Then, usi no ayproximate analysis we have: 
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(2-12) (Cont'd) =Ay=—hte Ru =-18 where Riy= LIK + S1(O15K) = 11K +7-65k =B.19K 
Thus, Rr, = \eeeenee = 315K , Since hoe (Ri, + Re) = 3-3K/40k = 0.082 <0 
and V\WoeRe. = 2-9K/40K = 0.0975 CON , the approximate onalysis can be 
used indeed for both stages. 

Stage IL: Ria = 11k 4+51(3.9k) = I-IK + 198.9 = 200K; 
BV = pa = |-0.005 =0.995; Roa= BASEAIUE 2 SESE = 83.20 


Stage I: the effective load resistance, Ri, , found Eve is equal to 


+he parallel combination ef Ke, Riz=200K and Re/(i-4,) ~ \ook 


or Ri,= 35K = Rei \\(zeok\| 100K) =(Reil\ 66.7k) Re PELE 
Querall : Av =AvnAv. = 618)(-995) =- 17-9 ---- OK al 
Ri = %-15K]| (3) = 8.15k|[5-27K = 3-3K --- OK ae 
Ro = RorllS-9K = 83-3 2\|3-9K = EV. GGL 8 MBO ice 


Since hoe(RiRe) £0. , we can use the 
approximate model af the transistor. 
The resulting small-signal equivalent circuit 
is shown. From this circuit we have: 
Ay = Ve = —=hteTeRi_ iq fase vislnis fits 
In(Rethie)+(lthge)I,(i-b)Re Rsrhie +(+hye)(I-b)Re 


Vs 
Ri= Vs _  TelRsthie)+(ltheel(I-b) Rel, _ Rethier(hyelli-b)Re <+— 
b 


Ip 
path Nex \ y hoeRe=hee 
ce ee Where Oc = lim (Av. Vs) A Avs = Ay Re a \thoe CRi+ Re) 
i Ri >see Rit Rs Ri + Rs 
Smg Egs. (2-49 Jvaucd za.) , we have: 
hoeRe —hre 
Voe = Qin \+hoe (RL+Re) RL Vs or 
Rive | Rethie+(I-hre)fre+ (hoeKe-he \Chre(RixRe)—Rel 
1+ hoe( Rit Re) 
Monte (hoe Re — hre) Vs : tA he I \ Ta We 
hoe| Rs+Re +hie +([-hre)Re- éshve | » dso = Ar Li. wheve 410 Rar, 
a aN bs heeRe — hee 4 R=. nee 3 (hoe Re-h¢e) 
pee tyes Ee a Ri Rae hie+ (| hre)Re| — ce heed 
Thus, Tee a (hee Re ra hée ) Ss ; Substituting ; We get 


(Rs thie) i+heoeRe)+(\-hre) Re (+hge)| 4 etl seri Cotes 


Ko 
hoe Ret+Rst hie = bts hre 


. This is the exact exyression 
foy Fo. It differs from 


2 
Eq. (12-51) by +he Lact thot the last term w the numerator e multiplied 
by (I~hre). Since hre 261 , then the above expression equals that of Eq (I2-51). 
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Assume that -Av >>] sthen 200K _ x 200K 


avd Ri = lok ||z00K = ipesidor pay 
’ ‘ 2196 wie tines 
. Ay = ~Mfe “5 O 
Ithoe Ry Bei = 40.2 
/ rik I+ V3 /40 1-24 
Ki = hie + hre AyR. = LIK + (2.5x10%) (- 40.2)(9.Sk) = \K 
i Ar. le 40:2*95K My esp _ rg cu. 
R/ 1K 
Zook . 200K .6.522K «. Ki R; 0522k ge \OOOK 922.) ome BAS 5) ich 
\- Av 323 ita 
yo Ay hice. EH SB2 peeGtiee Moai! Lie 97 Ps 
> Ri+tRs 0.343K+IOK 
Ar = a wAvs COREY RY 1924 (10343) 137] ~~ 
\ ios \o 


(218) a) Switch open. Note that (thee) Re = lolxik =1O1K >> hie =(K applies 
for beth stages . Thus, Using Eq. 2-41) we have . Ay = as = -5 
and Ay, =-2 ” Ay = “2 = Av, Av2 = €2)(-5) =10 i 
b) Switch closed: Define AY ca the voltage goin from the base of the 
first tromsistor +o the emitter of the second. Then using Miller’s 
\neorem: R,= 3K/(I-Av) between the base of QI and ground aud 
R= 3K/(\— aL) between the emitter of Q2 aud ground . 


Stage Ales . Since Nese is large then the voltage JT: Rszik 
gain between base aud emitter of Q2 can be = 
assumed to be a¥rroximately unity , and Ms | 


+he input impedance Riser 2k 
Stege I: Thus, Ay=-Ri =-2 and Av=-Z . Then, Re 2S alk, Rie2k. 
. ei 
Effective Re, = IkiIR. =Iki|2k = 2k -. Av= = os ey od 
3 
Note that Riz = I+ 101 ( £k) = 6%.4K >>2K as assumed above 
Kr, = IK+ loixik= 102k 


Querall| © Av = Aw Ave = C2)675)=15 5 Re=R||Ri= ik]|toz ~ 1k <-— 
= Ri —~ | Se Tf 3 - le an A Re = ~75 1K = 1.5 <-— 
Avs Vie NS rata Viel = an a 


the effective emitter resistance is Re = 2kl|4kll4k = 1K . Since hee(R.+ Re}k 


Yao 2, & | », We May use the approximate cmailysis. 

Thus, Ar = 52 = —hge =-l00 5 Riis Me = bie + (ithee)Re =2K+101xIK = 103K 
The voltage gain from base to emitter 7 Av=\- Ass. =\- oS = |-0.0194=0.9806 
Applying Miller’s theorem to loK we Lind that R= ISK ! 


Ta ea Se nee 
or R2= -500K . Re in paralle| with 2K was neglected above. : 0.9806 
= JWAo dist lotiled: et nee J imels!) 
- RR =1O3K||SISK=BS.6K 5 Aq= jo ati Tr malo ay $3.2 and Av RE 3°" <t— 


Since hoe =O for all transistors , then we can use the ayyroximate 
analysis throughout. thus, regardless what the value of Re of each 
transistor is, hoeRedo.t is satished. This is not realistic. 


Starting with the last transistor, GN, we Nave: Rin=(a4hcelRe . The 
emitter vesistauce of Q(N-1) is Rin q Riw-n = (Whge) Rin = Wthce)* Re 
Hence, for N transistors, Ri = (lt+he) Re = 


12-19) Effective emitter vesistance of Q2 is Re,= O\K\loKligzk ~O1K 


Ore ite 
hoe(Re2+ Re.) = i = 0.02715 CO. -. use approximate analysis: Thus, wehave: 
Riz = Wie+ Uthge)Rez =IK+ 101 (0.1K) = WK and Ay, = Voz = |- 1K - 9.9] 


V; Vk 
. i iz Tne 
The effective emitter yesistance of @l is Rey = Rigs elkK . thus, hoeRe yO! 


and the exact analysis must be used for (CQ. 


Ar ale 2 ems eee Ol inet son o(r a ~ileeuMed pr 
a cei \+hoe Re, I+ NM /go ~ Zens ud. pe i Fag 19 
Ri, = Wie + At, Rev = 1K + 79XILIK = 877K , A= l- 2% =1-0.0010 = 0-999 


ST7K 
Hence, Vou = Av, Av2 = (0.999)(0.91) = 0.909 and Yeu = Av Avz = 0:999xC9)= -8.99 <-— 


Rie Rindlsc eevee ORO SAPL trea ere allel aes et 


== 
Vor 
Vv; 
Effective emitter resistance of Q2 is Res = \k{\4oKclllook Ik . Since 
WoeRez = 'K/4ox = 0.025 20.1 , we may use the approximate omalys is . thus, 
Azr= (t+hsev= 51 5 Riz=hie+ (4heed Re, = 1-1K4+ S510k) = 521K 
Ave = beset ca ee 071-1 0.959 


Riz 521K 
Effective emitter resistance of Ql is Re = Ria =52-1K. Thus, hoeRe 0.1 


and the exact analysis must be used Lor Q|. 
hte Ithte _ 51 
\ 


= = 2! 2 22.2 - Ry=llk+22.2%52.) = 115M 
POP Iam CNNSI cc eee 52.1 5 


By os LC pedal 
Av, = | Tae 0.9999 


Qverall amplifier . Av = Av Ava = 0-9999%0.979 = 0.979 ; 


lea 
470K /(\-Ay) = o1ss = 22.4M ;, Ro= Ri |l22.4mM =1.15MI|224m=1.09M 
i} 


Oo. 
2 Rin to: 109) = _ 9.497. Ay= Je = Avs (RitRs). 0.979 9M _ ogg qe 
Avs Hs =30:. 979 1.0940.| ie Ar I; ns 1 06% 
o2= Rsthie hi - JOVlk (Hilie -e4 a oes pl 
Keatcekas ee pen SE = 6042 -. Ro= e04l[iooo= 57 = g— 


Refer to Fig. I2-I8b. Since hie 2é me »we may neglect hee in yarallel 
with hie . Then , Ni= JTovhie +\re, (-Ivzhiez)+Ipzhiez +1 Re where 


Ip2= (Ithfe) In, and T= (i+h¢e.) IL. —hseiTu, = Lithees)(1+hee2) — hse | Try 


9% 


(Covit’d) Substituting ‘we obtain. 


Vi =fhie, ~hre, (Hse dhiee 4 (hee hier +\(tthte,) (\+h¢ez)— hee, J Re } Tp, 

Note that (thse, Yhiez >> hier , Wrer 461, Uthtern(Hheez) >> hte, 

and § (Ith¢e) (l+hter) Re >> (l4heer) hier , 4 hgers>1 aud hgez ss! 

Hence, Ri = oa ~ We hte. Re QED. 
\ 


Refer + Fig. |2-\8a. Stage IL: Effective emitter resistance , Rez = Rell, 
ox Rez = IKillook x Ik ON Ps ~ ee 


= gE = 9.025 40.1 :.use ayproximate 
analysis. Thus, Ar, =lthee= 51, Rigs bik 4 51x1K = 2.1K 5 Av.=\- 3, = Ce 
Stage I 


Re, =Ri2 =52.1K . Note that because of emitter_to- Sateen 

bootstrapping the effective hoe ff Ql is veduced to hie = hoe(I- Av) 

where Av= Av, Av2 x Avz2 = 9-979 » since Ay, ~ |. Thus, Weeks = 25x00? (0.021) 52.8 
= 0.0273 20.1 «. we May use ayproximate analysis here plants 

Hence, Az, = We = 51 5 Rey = bik451x52.1kK =2.68M , Ayal Wels ox, | 


2680K 
Queral|: Av = AwAve = 1x0.979 = 0.979 , Ri=Riy=2.63M <- 


(2:23) he effective emitter resistance of Q2 is Reo = Ik \loox look || 40K ~=\K 
Then, from Prob. !2-22 we have: Ar,=5) , Riz= 92-1K , Ave = 9-979 5 


Ay,=5!1 , Rip =2-68M , Avy = 1. Hence , Av= Av. Avz = 0-979 Se co 
: a mi 4TOK _ 4TOK 
Apylying Miller*s theorem to the 470K resistor, we hove: NF Tal = Soa 
* eS Fee 
-22.4M avd R.= 470K/(\-4,)= 470K/(\ ae) = —-21.9M 
Hence, Re = Rill Ry = 2-68M]\22.4mM=2.4M pate, A SPE 
Men, Ave =Av ons Sang 14 © Tr OAS are Od tah Sein SI 
f en Ri ts 2.440.) 
mmet Rez = Rethie « higivra 10M, aks 33 19421-66014 2. 
(ithe)? I +hge Gua) ow 
Ke = Ro2\|\ Ree = 60-42\| 1000. 2 = 57 & dhe 


From Eqs. (\2-82) we have for the Q\I-Q2 combination: hie= I-lkK ; 


hee = 49 , Lou = O.49KI10" aud re = Ta 2SKIOF. Thus, we nate that | 
hoe (Ret Re) = 0-49xId &X 25.1X107= 0.0123 L0.] 


. we may use the Aypronimate 
analy sis: Ar = a2 = ~hge = —49 ; Ri, =hiet (Hhge) Re =1-1k+50K01k = 6.1K 
Ro=c * thei. oAvi= Arks! == 49 x22 2-20) qe 

Rin 6.1K 


3.62 
Ri = Ri, ok ||zook = 61KI}9.52K = 3.62K ,; Ro= 25K, Avs=-201Z G5 =-197 +— 


end Ar = a2, = Avs Bits 2 -\957 2CtRL a —-29 ——— 
a Re 2° 


Ay= Ye where Vo= IRe = (ptTustheelotheeles) Re 


Because of symmetry of the circuit Te Ly. ie 
Thus, Vo= 2 (it+hfe)Ip, Re . Also, Vi=Tphie+T Re 
o Vi =\hie +2( Ith¢e)Re| Ip, 


i = _2(ithte}Re _ bars 

Henc ’ Av hie + 2lithte) Ke 

Ki = se = thie + (ithfeiRe i 
b 


Since heeKe = 44/4ox = 0-146! , we may use Eq: (12-91) , namely, 


A= (ZhoeRe — hse ) Re a (2%2-5x16 x20x107—50 4X10 
© 2Rel'+hge thoe(Rs+hied] + Rs +hie ZXZOKIO? (5 14 Z-5K1GX%Z.AXNT) $2.1 4107 
% 
Sagaepientica is canilire hey ss 
2.04 X10 : 
* Virsilecau dk CNS SO Le Aaa = 
From Eq. (12-92), Aa= a areal 2 aa A Ret oe i 
_| Adal. 476%  Z Gees 
Hence, c tae Miiciogé > ml 
From Eqs. (12~3@) , Aa= +4 (Ar-Az) and A= AtA2 . Solving these we get: 
A,= 3 (2AatAc) = £(2%47.6 - 0.096) = 47.552 <j 
A, = + (Ac -2Aa) = 1 (-0.096-2%47.6) =-47.648 <-— 


The equivalent impedance seen at the collector of @3 moy be found 
fvom Eq. (\2-51) where Re=Rs=I1K and Rs= RAWR, = 10K || look =9.1k 


Thus, Roz ae LthtelRe+ Rsthie(ithoeke) _ (4oK)_ IKI” + (9.11. C+ 16/40) 
eS hoe | Ret Rs thie —hrehse /hoe (14+ 9.1 4)-1)10% — 2.5x10 4x 50x 40K105 
or Ko= 229K . We now use this as the value of Re wm Eq. (2-91) 
Ac = (2 %2.5 x15 >XZ.29KI— FO) K4 X10" eA IO we 6.6)K10 ? <i e 
© 2%2.29x109(5142.-5x1S X21KIO)4ZIXI> BB SKIGT ; 
From Prob. 12-26 , Ad = 47.6 (sine itis independerit of Re) inne 
_ | 47-6 ; ia 
Then , c = wars = (200 j A\= 4(2X47.6—6.61x163 ) = 47.6 , A= 47.4 <—— 
For the circuit of Fig. 12-22a , Ay= See ....02-4%) and 
oe\Ke+ e 
Ri= (1-Ar)(2Re) + hie + hre Ax (Re+2Re) Sm CZ I49 | “The ho voltage gain is given 


by Eq.(12-50), Av=Ac = ArRe _ _(ZheeRe —htel Re /Li+hoe(Re+2Re)] 


Rs+Ri Rot ZhoeRe-hte 2 iS 
TS bre (Re+ZRe) K 2Re and hoeR e ft: > Paar cline hreKe-2Re)+ 2Rethie 
jigs (ZhoeRe- hee) Re za (ZheeRe ~hte ) Re QED 
(1 + ZRe)(Rs+2Re thie)+ (ZhoeRe-hce)(-2Re) ZRe (+hee) + (Rs +hie)(1+ ZhoeRe) 
For the circuit of Fig. 12-226 , Ar=~—hte/(ithoeRe) and Ris hie +hreArRe ; 
then, Av =Vo/Vel2) =2Ad = ArRe/iRiap,) = —hteRe /(Rs+ hie hrehteRe): he Re __ 
provided dhat hehe Re << (hie+Rs). Moreover, if RO sae Ae yalvhee Be CthoeR (hie + Rs) 
2 Werks 
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CHAPTER 13 


From Eq. (9-29) , the transport Lackor at w=0 is Q*= sechW. . At 
the bottom of p.ll2 we find that @* for wto may be Sud 
from the dc Ci simply by replacing Lg by Le(i+jwted Yo 


Hence, O(w) = p* (w) = sech Ww 5 i +jete) QED. 
-\ \ 

Q) It KCN then sechx = pane = U\ +X ae \ = 45x 

X= (+jwte)? . For frequencies such hott WT! , eal for We oe ; 

1 we 
Re SD cere at = at 
bag Is +) Seed) Nee | Loe 
where X= —! Pek ce (ic, Gee eee 
° rm = and % nd be W? Toho Q 


b) From tq. (5- “=5M) =Dete . Hence , Ug = 2a where Oo ts given im 
Wt 

part a Bite, Rar that for "K £4) . Thus , wy given by 

Eq. (13-13) is ayproximately equal to the duals Sa here. 

es From Prob. 13-| ,we have that @ w=We , X(Wy)= sech ES (1+jouTe)? ] 


= sech| {5 (+5 an BY If &=1 and \ << | 


OX (Wy) = sech| Ts 3 we] 7 sech(\z; ) = ANCyp where 


V2) =Va(e2 )* ava elt =Va (cost +)sin ) =('+j) .Tws, we have. 
sech(VZj) = 


or Le 351 then 
\W2 D) 


= “Soshicosi+)smnisinl ? - 1.54 
Zeehaen 7 an AT 5; lout coshl\l = 3 
Sinh|= 1.175 sin| = 0.8415 and cosl = 0.5403 
\ 
|x (wad| 7 = | 


= | _ =0.60 
(cosh! cos!)*+(sinh) le “ (1.543x0.5403)*4 (1.175X0.8415)* —-|-67 


, \A(we)| =o.6 = 0-128. 


Phase (w,) =-tay! Sinh! cit 


s 8 \ O. ¥ oe 
coshicos) _ —taw'! (eee) = —tay’ (1. 185) ot ay 18 ie 
b B : Oc 
) From Eq. (13 4), (w= Ti 43 /be : By insyection we see thet ot 
W=We , | X(We)| 


= 0.707% = 0.707 ; Phase (Wx) =- 45° Saae 


; (3-3). 


(we) = sech[® (1+ jwute)’2] At wi=2-43Ds/Wie we have 


A (Wa) = sech hte (+ 52-43 Pats) y*| = sech Vie \+) 2.43 TB rll 


TE %=1 and Weel or Ls. 551 » then X(Wy) = sec (WE3) 


From Prob. ere Wy = a cid | vats X(We) = sech| 242" (\+j y| 
oy X(We) = sech fi. (14+35)] = To omnes gia =Ycosh|.| cos). +j sinht.{ sini. tales 


10| 


(3-3) (Contd) where coshl.l=1-67 , simhl.l= 1.336, eosll= 0.494 & Sinll= 0.89{ 


2 \ we a 
Then, |X(ed) "= Topieosuyta Ginn sini? 7 “G.gTa at a2 
\X(Wa)| =Vo.5 = 0-707 
ot lin VWI GO. SS BNI EST ie ole 
Phase (wa) =— tan Se Cane ety tion) any, 
b) From Eq. (13-4) , Xs HS AE wen , (X= 0-7OTAS = O-TOT 
1+)” /w« 
aud phase = Les 
ce) Phase of m = phase of X(Wy) —m OY m= 51:5 —45°= Wee 
in vadians , me 25, = 0.21% —— 


(3-4) with REO in Rig. 13-2, re is in parallel 
with vip and since wy cr 
neglected ve in the circuit 
From this circuit we have: 


te sb: +e +3 = Apt, + e ; +0, QW 


we 


shown. 


vat, bb 
where v= (Ie MeCe) = T (ier) 


Ye Ce 
d Cee Mee > Wyt rots aed 
Thus , Sate me X«(1-e )| where wi! = each te The solution 
to the homogeneous ean is Ue= ee . The ast: solution is 
obtained as follows: ae +WU= £(\ c+" ) Q) 
Let ‘Up = Ki +k, vet (2) Sane : iets a —-WekKre Wot 


: (3) 
Substituting (2) B (8) tute () we have: 


—Wyekr.e ty wk, +wiK, 2 eet L WO Ky Fig Oe) Kae ae eae ahs o +t Oe 


THN Sten a SF] and kK, slates ne The uy rite... KS: 


NS Ore * ES) Olen ery 


Wat 


are ain eh ae ae ea ee om E (tate oa Xs is) =-2 z.\'+ Oo Wy 
uy! Ww a nea, § rw 
-c.du -3 es oe ian 
dt aad ae . From the circuit we have: 
W'- We W'= Wee 
M ? 
OV a + (14 one set ofew. Wat 
iT w'- We < fame Gel < QED 
TE wy we , x Oe +(I+ Bouin ok de" B Since Oem iseand Woe cel , then 
\+ noes x1. Also, euus 
w 


© much Caster than gut ‘S ls ~ ho(|- et) QED 
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(36) 2) pi = Vt. 26mY 3 hes 
Te Z2mA 
b) From €q. (13-13) , amf,= 2 = 3 for a ony transistor, Dg=Dy= 47 em Ka 
Hence... 0 =e a 60 Mile }{ <-— 
2X Z5XIG . Se we 
c) From Eq, (13-12), Cyo= & Wee seek OL Ke KOT, 205 ie co 
ZDeV+ Z*%47 X26KI0 3 
A) From Eqs. (13-14) and (13-15) we have: tg= 1 = 


= 2.66 nsec 
We ie 
V. 
From Eq. (13-\3) , W= ae Where for a (oe Si. transistor gece 
Table 5- \), De= pig 13 Chitfjsec Thus, W= ee a = (Al.4) 2x10" =6.44x10 em 
(3-8) a) From Eq. (I3-13), $= Ds 


where for on n-p-n Ge transistor (from 


Table 5-1) sie 99 cm2/se, . Also, W= I mil = 2-54x157 cm 
Hence, {= 


7 ee ee Ae MA eu oe 
TT X(2.94x167)? 


b) From Eq. (13-19), Sas £, (\- Ke) , From Prob. 13-1 


we have that 
l 
Koz | = = 2S SY = = 2 Owe 5 |— &. = |— ie aaa 
Ceo a \+ +o 1, OO814 |.OOB8I4 
& = 
Pree ee 0 0CEIe co.002 1 f= 4-88x10 XExIO°= 39k, +— 
}.00814 p 
(3-9) From oN Aes Bea as and from Eq. (13-!9) , toe {(\- %6) = sr al Xo) 
From Prob. 13-1 Xo = | and w. Ler 
; 1+4 We 
Hoy ay Mi De at, i OG \ since =D. 
ce. = Views po a ES SN irl) _ ee me => —__ (nc B- B 
1 Ww 2 We 2 
P Ls 2 te TW* 1 44W7/2,) 27s 271 Te on 
(3:19) a) A:e= a where IL=Kle + Ve! : : 
b 


Zt = aI,- lete 


or I= («-#e)Te 5 Also, Ty» 1-Te 


or Ip=-(l-¢+ £2 \Te 


ie Oly Cee il hfe + Ze 
Hence, Aie Deke) W-«)Zct Ze 
b) Since [Pel << [(I-aZe| , then |-a«Z.|>>[Zel , 
i ZO earn sas — &(w) , 16, Ti 
ge es (oneal y erie ke je LE ore a 
(3-I1) Since |Zel4¢1%| , we neglect Z. in parallel 1, at Ce 
| ma Ze. From the ctrceuit | Aic=~ 32 where F 
Pang em aah af " : C 
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C311) (Cont'd) From Fig. 13-4, Ale=Hol: where I,= te Te = le 


¥2 * 1+ jwveCe 


Thus, Te . Xo «= (1+ jwre Ce) or O= - peut Substituting , We gat: 
Te sgt _ \rjwre Ce fy 
Ae = te 2 ee eS ag ee 
Vere Sieh gets | Hot jwrelCe — (1-%o) +5 f/f 
| + wre Ce 4 £ : £ 
(j= %o) , we get : Nic ne WESC: | (dal tx = ct ee where Xco= |—Xo 
Nee Or wat \ + jt/fae 
and Cycé (\-%e) f,, . QED a 
3 ole co 
Since Xs is close to unity ) Xco = = >> \; | ve Aie re 1+5F/ fue 
QED 
(4-12) a) Eq. (13-44 hybrid Ww el eyanIu S 
a) Eq. (13-44) Lor hybri So hylan (Cae) 
: Ye \— Xs 
From Eq.(13-29) , re. Gage ann ae 4g = ———_ QED 


27 Ve (CetCc) 
b) From Eas. (13-19) and (I3-13) for the high frequency T model 


fo = (i-medhy = welts - Since Cer>Ce ; then 


2m ve Ge 
the two expressions {oy fo are almost alike. 


(313) From Eqs. 13-39): gy.= Ee eager Ay a 
T ZomV 
! h | 
Fe 
We = keh ae coxronn = Z2.6M j Gee = hoe — (I+ hfe) Gye = 4X10 101 = 042x160? 


re x 2.6KI(0 
vie al = 433K . Spares.  SBSRIO 6 Ureee 
or ce /3ce 3 ) oe ars. “arr x50xi0 © a LIZZ: pe ) Ce SypF <+— 
(3-14) From Eq. (13-43), JAje| = ate | J 'shte ye oS Age 
He gh] © ts Get] 


Bt) MenloG ead F/fe)*= 99 , or $/f,= 9.95 where f210 Miz 


Thus , {a= */9.95 = % 96 — 1,005 MHz and £, = hes = 100.5 MHz <+— 
From Eq. (13-45), Cox Sm 2 ITI}. . ig © 


SID fA a ee - Pe Seas 
‘ 20t+ Ver 2™f, 26 2nxl005 7 Ae 
. nte [OOF ; 
We = (Ny 5/2 ~ 920 Sd J Yop! = hie—Wre= 600-520 = ZO Su <+— 
Vv 
3-15) If es <<( | Eq. (9-52) becomes: I= Xn Teo (ey) + Aco 
elt Seles ot. LN  Seik nigeh 
ee BP ES Sel to ct © co OWN A \ 
= — ] =~ \I.— koa Mwiso| _ 1 VT. ~ Teo(t- or) 
She AVE Ve \-O%n ky Vr val 3 eee | vA Gane 
since Onleo = Orleo ... Eq. (9-53) GED 
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(3-15) (Cont'd) Further more , smce Ic>>Ico and dux\ ; iad = | and 


I-O&n Ky 
x Ie (\~ dee) = te 
hf hee 
DA a i4/fe eat, Hite _ Thre as 
cst fae Re h * Dee ae 1+ 5 4/L,. 
[+0 I-A 1+ THiVep lthte + j 4/40 1+) Rien SV, 


b) oo= fe. 1 since hye >! . Then, fu x fahse 


It hse 
¢) From the results above : hye = 2 and fg = fu(I- He) . Thus , we have 
a aa ag oly 
I+ jf/fo 14) F/fec(I-e%e) I Ko HF / fee 


¥ = jmt/s 
A) Using the expression of part <«, A= OE Ivins 


a - fo C08 (MF/fu)+ jXesih (mf/. re ; . ae 
= = ee onklnev tif Note that when f=f, , \Ail=) 


Wey MMe WANs at ectinilea) ole Net WOH, |The 
Thus, | Ai| | [\— cxocos(mtr/fa] “+ [ovesinn(mft/s,) + f/f. \* ©€ v1) 


a3 (Cos*4nx a Biné mx) ~ | 2a, C08 mx + AC cos'mx + ATsin'mxX+ 2KeKSinmx+ X~ 


or [4+X* = 2K_(ctosmx—XS5inmx) QED 
e) Tf mx «| R then cosmx = \~ Lw’x* and sinmx x mx 
thus, |1+x* <2. (= A wtx*— mx?) or = (it ve bale a 52 Pag 
(Z2%0-1)% : . Soc | + 2oeM+ om? 
aaa Wri ic[mia tet se - Now, since Oo ~1 , then (2%-l2 = Xe 
2 
Hence PO NE A io Se QED 
> f, [1+ 2%.(m+ ma?) 1% ¢ f ‘ 
1X toe «Ke a 
TE =! and m= O.2 then ee ee ee 
ue } tr [i + 2x1x(0.240.02)]”2 (1.44) 1.2 
Ss Sm Vee Cc 


G=)) a) The impedance of Co = 3 pF is —jl00 at 
530 MHe which is far above the frequency 
vange this circuit is used. thus, Ce may 
be neglected. Yye= 4m is in parallel with 
yp =!oom and thus moy be omitted. 
re=ZOK is in parallel with (Wet wy)= hIK B 
and may also be meglected . 

b) With Ce, Yyo and re left out in the circuit of gart a , we have. 


Aip= se where I= —GwVie oud We=- (1¢ + GuVe'e) Ze = —(Ti+qumVee) 
i 


Aver jwle 
v Vue= (Sag dt eS Aipx RS as : Q=PD 
° Gye + Gut jwCe Syeo+ Im + jwCe hte — 
: : hgee/ee = eens ween ae en io 
Using tqs. (3-39) , Aib= ice a jote Thee timate 2 Aaj2mt Ce Re 
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Oe eo DE ~ _thse_ 
Comba) mon” Ate arti eens ES ae 
pa ape sie = Ju 2.= QED 
or fas gai meg ae be 21 Ce Ko 
\ 
rivaiect cr Caan ay Eq. (13-44) . 
Also, Ie, & ccetlies NE ~ 2m pee =. = Using 
[eve \ rngepes \— X%o 
t y oy 2 at Ret hie ees 

From Gaal ae atc SVT 2mRC ” =2mC (Rave a 

\Avso\ = ees . |Avso$. \ = ila HE a Labi = Qm_ Re QED 


2TC Rs+Yoy 
From Eq. (13-45), Gme=2TCeh and from Eq. (13-49), C=Cer*¥ ct Gui.) 
or C = CetCe Qwik = Ce om C. (27 Cefs) Re x Ce( + 2m4+CeRe) 


B _ 421 Ce Ri rs. f xe 
‘ | Avsof, \ = pa ind = Rene ee ae 
27 (i+2rtsCcoRLRstee (4 2K CeRL) Rs Vou 


QED 


ares 
(319) From Eas. (13-39) , hie= You * Yee = \100 ) hee™ Am ve - POO ae 20 
Frow Eq. (13-52) , R= oe ee = LOCA ee (1000) = 5249. ; From Ea. 


1\9c00+I\100 
(13-49): C= Ce+Ce U4 gnF) = \00 + Sir cabal pr o6 ree 
a af No eee Ts 
a)Tf Ru=0 , C= 103sx1I0% ond {= ee ~ Sn ($24) (103) 
Bly pace Ro eo Re cin WAte.. = pisehskls SOK ees, qo 
R R<+hie Rave foe 
=\K , 100 + 3(1+0.05 X10 253 pF. th eee 
b) TF Re a ( POPS eae? AP ents zn (524) (293) ek 
Avs = =5OX%\_ = —23.% and Axso = = —23.6 12 
yA wil =755 kite 
o) If Ruz2k, C=l00+ 3(1 40.05 x2000) = 403 pF . Then $2 2524) (403) 


Ave = 50K. __47.6 and Agso=z -23°8 . Note that Arso is independent 
of Re sviee ea \s=13 neglects ree . Ths, this Is valid for Ri Yee . 


a) K= vee wher env c= Isc kun 
Vee 


with Ri=O, IL=Ise = Vile Wc — Gu Vee = rece ee 
PA Tes Wmpediance seen between C-E. 


Thus ) Zce= (Vell Yee \| R,) ory Leo pin Fpl te rata 
Duct Gee * Ir 
Hence, Vee 2K = Smt Fee QED 
Vue Gdce+Icet+ Or 
b) From the circuit we obtain : 
Neo = -GuVye De EE er ar K Vue a SEG foe ie K 
Jr+Sce* KX" due Kit et Iy)-9y, Ka 
E ee a Smt Secs 
or K (q.0+9y,. 49) Sye=5 Iu K mee 


Goe+9ce +9e QED 
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(620) (Cond) ¢) Ay= a where T= Q.Vce = qiK Vye 


peek 4 es 


Hence, A; = ak See +U-K) Gece 


Sue zs Ute. KSuve 


OY A = per Nae Oe: Nak QED 
t (ae * Gel K—Guc 


A) From p-370 Gu >>Gyce and Be >>Gue - Thus from parts Qa avdc 


wWevhove: k= dm RUEK SOM RIE. oe YL Na et 7 en Eee 
BvetGceexO. = BWe-Kye — Ive(Byet Geet G.}+ G9, 
or Ay = SEI | bh ae = ree using Eqs. (13-28) 2 (\3-26). 
eee ' ™ Oy + Noe KU 
+S, (Ger Beet aa oe) QED 


Applying Miller’s theorem we get : 
where C=Ce+Cc(I-K) and 


are Cy: 
a) K= Mee 2 1 | oe 
Vile Vedel 14+ jwRi(Cce4 Cr) 
ov K _ —On Ku 


ee ee ER RRS Ee 
laje(erGe PP 


b) From the circuit we see that there are wo time constayits: R.(Ce+Cc) 
and Welte+teU-K)] . Tf R(CerCr) >> are ysae cul k)J = Yoel Cot Cell GR] 


v 
(since K=kKeo = GuRLU), then £ is et re ‘by ee larger ime 
constant, From part cH Wwe get : {= = ee —— =e Lica 
From Eg. (13-51), f, 


\ Rs+ ge 
= ——. whe R= Ye - We 
27TRC i 


Rade ea ee 
C= Cet+ Ce Ct+GnRr) -.- Eq. (13-49) . 
Se ee ee ee ese Bon) ince Le We Ak oe 
Ba Eo: a2 2T Ved Kyo Cet C(t gGuR.) i ; ate e te 
¢ = 1 Rsthie | 
2 


= +\ a hie Geer a 2 ie i fos) fe Panos 
27 (Reape CetCe(ltgnR.) 2L27 YyVYye Ce+Cc(HOmRe) ie= Moye 
Pee ssittie yh hie 


2 Raz iets (nH! = \WOoxI00_ 
(Rs+¥ou) Vee oe Noli hie—2Y pv 


Yoe -You Joo aes 
b) If Rezo f2= Lb ! 


<-— 
21t Te Cet Ce(I+ gui) | a \S find Rs for yd ) 
Se bh 2) ae (Rs+hie¥ee™ or ZRs +Z2V py! - Rythie =Rst+hHytWe 
$2 (Fs+ rv) we 
oy Re= We-Yy = 1000-100 = 900 LL 
Note that the above values of Rs do not depend on KL. 
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CHAPTER \4 


4-1) a) For a p-channel FET | Eq. (14-2) becomes : Ve= eNa a? where 
€=\2Eo and Ye= 500 CM Kt sec Goes P- 

Maa we 

Pr \0x500 


for Si: 
=4 = pype x NaVe& or eNa= 
= 19.1 RN ese 


from Table 5-1 
type semiconductor 
-4 -4 =4 
= 2K\0~ 2 eNO GS CaniO = 
oy eNa= 2K Thus, Vp= Se he 
b) For Ge €=16G, and pyp= 1800 cme, - 
s lOx12*X 500 _ ee 
HEMT ERUIND = Gallet ere mipoot in? Tps 
a A 
(42) &) See plot =\w 
b) The magnituce of the slope of AB is 
Gmo= ZDss - Eq. (14-19) 
|Ve| \ 
Then from geometry | OB= Loss _ Inss _ [vol 
Swe  2losy 7) tor) ae Bo Vpt-4* Vas 
\Vp\ QED 
(14-3) ax) From Eqs. (4-18) and (14-19) 
é iN 
Gress (1 ee) = 7 ass (\- Xs ) _ From Eq. (\4- 8) 
“aes obtain : (\- Vas ) = los ae “DT sey Ips a 
rat —_—— z UA a ee ee 
; i Vp Thee > Yom Ve ¥ Tiss. cy Wel Tyss Ips 
) qn = 4x07 Tyg xd” = Viiee mA/Yy arena 
m) MA/V 
where Ips is in mA. ; 
2 


4 8 
Ips ,mA 


Mas \t EC 2NG 2 
We) = Tpss (\ ms + eS lace (\- 2Nss ) 
P P 


von Ege 4 S)5 0 1s = loss (15 
provided that Vas Np . 
Thus, Ip x Ipss ~ Riess) Vas = Ipss + user using Eq. (14-19) QED 
zh 3 ~ 40K — 


@) AL Vpg=10V amd Vas=-15V , a= AMes| = 250 
ATp Iva, dO OK 
Gm = Sip BOOT OsI ae. 2 
AVas Vps \ Be PNAS M= Gra = 0-29x40=10 +— 
enoe slope of the Vas=o characteristic at the origin is 
= 2x =ik = 3302 


Ya (on) a 
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(4-8) Using Fig. \4-l6b we have: 


a) Ay = Vo where Vo= Isc Z 3 Is= — Gumi + YoaVi = (-Gm+ 9d) Vi 


Z is the imyedance seen at the output terminals with Viz=O. Thus ‘ 
Ye = = Yo+ oe Sa — Nod and Were —SmitYod 
b) Applying Millev’s theorem to Yed 


€ 
Yu+Ydas+ Gat gd SRP 
in Kg. \4-l6b 


q 
v the input 
wv, we have 
ag fa Yo Rv laa 
C47) Applying Millevs theorem to the 50K resistor 


Vi 
we cbtain the circuit shown Lo 
terminals. Thus , by inspectio 


Cys Yoga (I-A) 
cole at 


} 


we obtain the equivalevit civeuit shown: 
= —Jm re © | a =~, 
Ay = uve a U-pik Nie Ra Ray | “Im 
Ya, Wea eee 


| \ \ 
ory (iat Ra Reet E 


on oe ere kee wees L) ( ihre 299 
or Av( 5+ i6 +30) = 32 + & ~ 50 
Th J & =~ 299 = 299 a "i 


the 40K resistor, Avs = Ay _Ri 


From Prob. 14-7 | Ay=-18.7 .Tf the signal is impressed in sertes with 


where Rj= 20K _ 3. 
“+ 40K i (ea 254K 
Hence, Avs = (13.7) Oo eg ete ais at oe 
254440 
Ya ee Oe BF 
(14-9) The equivalent civcuit seen at the drain is shown: 
then the Thevenin’s equivalent to the left of AB WV; OC) 50K 
consists of Ryy = Vgll5ok = lok||sok=8.33K and + 
. Sok ; 
SN a a ZO%5O Vi = 16.67Vi ; at IkHe, Zo*-j53K 
Pie, Vo=... 7oetoe 2's — 833 /42.3° _ \9¢ /-137.7° 
=, : = = = 2 : <j 
Vi 5OK+B,33K-j 53K 5%.33-j53 78.3 Perr 
. +4 ] . 
(14-19) x) Ay= ve where Vo = Is-Z ) Tsc= (Gat jwCgs)V; y 
t f +¢ 
Z is the impedance seen at the output WEIS 
tderminals with Viz 0. a a 
Thus , Y= * = zt Gat jw (Cgs+Cas+ Cn) +n 
aud Ay = se (Gm+ jwCgs) Rs where C+ = Cost Cds4+Csn 
viY I+ (Gyn+Ga+jwlr)Rs 


QED 
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(14-10) (Cont'd) 6) Ayylying Miller’s theorem to Cas we obtain 
the circuit shown for the (nput terminals. od Cg((-Av) 
Buy inspection , Yi= Joga + jw, (I-Av) 
c) The output admittance sYo, may be obtained N,D 


from the circuit of part a by setting Viz=O and feeding a signal, 

V, at the output terminals. Note that Vgs=-V. Then the cuvrent 

drawn is T= g,V +a +4 +jwlr)V . Consider Re externa). 

Hence, Ys = ~ = Jum tda + jwl+ QED. 

Rs S JmUgs D 

(4-1) For a CG configuration Fig. |4-9 

may be redrawn as shown: 

a) Keio y then Vi=Vsg=-VUgs . 


Ay ove = do where Vox lsc Z 


— 


Vi Usg G A 
bse = — Jugs +daYsg = QutgadVsg ad Ze outyul impecamce with uge0, 
syed, Vie Ce ~ Aye ets 2 esse 
Ni S2Y Ceaiee * +7 Jat jwldg \+RalgatjwCag) 


b) KCL at node S aives. le = Usg (wCsg) —GwVgs + Gal(Vsq—-Vo) 

2Mi= b= JoGsg tgu4+gyi-ay)  aep 
¢) Ay = . . With Ry #0 » Vsg= Yi —tsRs where (s=(Gut Gytjwlsg)Usq- GaVo 
Thus, VUsg= Vi- Rs(Gutgytjwlsg)Usgt RsGuVo or Usg= eee 
Now, KCL at node D gives. Jn Ugs + Veo (Fe, + Fa +JCag) = Gavsg 

but Vgs=-Vsg , so Vol, + Ja tjCag) = (QutGd) Usg 


(Smt Sa) (Ui+Rs9a Vo) or 


Va a8) cB ee, + jw, = 
i oly Ja *4J dg ) I+ (Qmt+ Ja +jwlso) Rs 


Ve\ +94 +j9Cag — (Gut ga )Rsgg | ~ —_(9Gu+ 9g) Ve 
5 ee oea tia be It enor Linton REE 


| +(Gy+ Iq +jwlsg) Rs \+(Guct Jatjwlse) Rs 
Hence Ay = aa = Vi See Ne ee - 
DAN a ay Ge Ja tjwCag)]!+(GmtIJa+ jwlsq)Rs|— (Gut dal RsJa 
d) With Rs #0 ie \ = Li u Smt Gali-Av) +jwlsg 4a 
) eae wo SS Ee Se 


Rew SF Rt Ga Rs] uct Ga(!-Av) +)6Cag | 


l4-I2)a) From the circuit we have, Ve=-taRyg where 
la= GmUgs +Gavds 5 Vds=—ia(Rs+Ra) 1 Vas = Vj-iak 


or Id= gm (Vi-iaRs)—Gy (Rs+Ra)ta or a= Te CAE 
wis AMIS 


0 


(14-12) nid A == No aes ld Ka = - Am Ra 
(4-12) (Co ) Vv Vi Wi I+ Bans +a (Rs+ Ra) Eq.(14-30) 
Since Qa ae then Sy yee —YaSmKd 4 —vkK4 


Ya + (AQ. +1) Rs+ Ra Ya+ (pet) Rs + Ra 

b) Iv the circuit of part oS, set VizO avd ayyly a volhage UU across 
Ra. Consider Ra external +o the ampli Ker Zine... Assume--thatethe 
current drawn is t. Then, Ro= ¥ . But from the circuit, we find 
that L=G,.Vg. 4+ (V-iRs)gy And Ugs = =i Ks | Thus , =-9, R14. = Rs j 
OY V(1+ mR, + Ss) = a Roe ¥a (i+ geRs + Bs) = Yasar V4 Ya 

Now taking inte account Ry we have: Ro=Trat(MarRssiiRa > Eqi4-s!) 


(4-13) a) Ay= ae where Voz taka; ts ~J,, Vggt Ws~ ig (Rs+Ra)) qe 
where Ugs = —VUs + td Rs ; Thus ; a8 
b= Gu Vs -o..Rs la + Ga Vs _ Rsa Ra)daly 
eee Ot Sal) 

aM GL Fes 4 O4( Re fea) 


» Ays taARa . _(Qm+ga)Ra _ etal dnt WaRa 2 et) Rae 
Vs —s—- 14+. 9s Rs + GalRs+Ra) Ya + Ya. Rs + Rst Ry Var e+) Rs4 Ry 


b) Eq. (14-33) sives the impedawuce seen looking between S auad G, 
with Vs=o . Consider Rs external to the ampli er aud =pply = 
voltage ) between S aud G. Assume that the currevit craw bs Ut. 


From the civcuit, b= -G.Vgs + (wos ) where Ugs=—U . Thus, 
‘ Re ‘a 


= —- Yar Ra R= Yat Ra K 
: = and i (<4) S. 
I4-14) a) Ay = or where Voz taRs ) ta>q,, Vas-FaRsta 


and VUgs = Wie taRs : Thus , Va Gu Vi -(9,, + GQ) Rs ta 
Oa Vi 


' SO 2 f = SmKs ; 
Gee asi NO Gam ue 
Since, Gazd, then Ay= a9. Wen... p2hRo . oes! 


ytlag.t0R, Yasr)Rs 2 + Ry GUD. : 
b) Tn Me circuit af part a set Yz=o and opyly a voltage vu between S 
aud N (D). Consider R, external t= the awmyli Ker and assume that the 
current drown is i. From the circuit L= — QmVgs + Ja’ =(Gmt+ga)V since 
=— “n = = feces a | = a ee 
Ves=-U. He ce, Re= : ant a 
From the swall- signal equivalent 


Circuit on the right we get: 


a — Lips py, +WV2] Ri g 
> (W+2)%Q +R 


Wt 


Rat¥a (y+) Rs tty 
(4-16) Using Super position we obtain . ya ee i 


Ra+Va 
nie seo CBU) + (MH Re tha BE Ue 
i Rat+¥a 4 (wet) Rs + Va 
yr 


—w (Ra+va) -20 (11k) f 

AVL eo, Pee ee ne ee eee ee > 
ih So Vi” Rat (pris, +(peayvag (14 21°x 0.5 422 K10)K 

2h. Serer ee — 0.49 

} 4a) ZOKIO 
b) Th We O17 Mata” Gee eo Rery tee 0) 1) zone ee 

U2 Ra +ra + (pti) Resi ret ZF 210-S)+ 10 21902 
M+ 


(4-11) a) The equivalent circuit of the given amplifier stage is that of 


Fig. 14-194 with vw=xo=Us . From this circuit we obtain 


oe a ane RANE ra 

b) Using Fig. 14-196 with v;=0 =Us we cbtaiv: Usn ee ee a 
c) W) From Fig. 14-19a with VizO= Ve, Upy = ae aaa 
eee wait pela Ce ViFO=Va, Usy = Hn ee i 


(4-19).) The equivalent civouit seen looking into 
tne sources of the FETs is as shown: 
[hake ts arbitrarily large , then the current 
through it can be neglected and I,<-I, 


From the circuit J,= (ine) mw (wwe) 
2 (Ya+ Ra) 2 (Ya+ Ra) 
z MRa i, be 
Hence , Vo> a Rea = Seah aes) => Aa (V,-V2) where Ag = pra <qj—— 


2(ry+Ra) 
b) Voy = Ra = =i Ra = —Vo2 QED 


2Vvat Ry 


419) Taking FR, arbitrarily lavge and 
locking into the drakn of Q2in (4), 
we obtain the circuit shou iw ib). 


From this circuit we have: 


= _ Vi a 
LL 2(VYa+ Ra) 


(4-29 a) Looking into the source S, we see the 


equivalen circuit shown in @). The Thevenin 
equivalent at S. is indicated in ib. ve 
Looking into D2 we see the ciycuit in (ec), 
from which A = Ver = ee. = 3.17 <— 


b) From (c) : R. = 10k ||2o0K = ne =6.67K <q 


YatRd 
ptr” 1941 


= LOH) 


W2 


(4-21) a Looking into S, we cbtain he 


equivalent circuit shown in fe). 
Taking R,—~co and Jooking into 


D2 we obtain the circuit in cb) , 
from which Voy = Ra Va 


QED 
Z2(rat+Ry) 
b) From (b) jy eat= Rail (2va+Ra) = Ra (2rat+Ra) QED 
2(va+ Ra) 


(4-23 ay Looking into the source S, we see 


the equivalent Circuit shown in @). 
The Tthevenin’s equivalent er SS, is 
indicated in t&). Looking ivto the 
drain of Q2 we see a vesistauce 
Va + (WHR, =\O+ 20%x1=30K and & 
generator (+) Us = 20 (12) =9.5V, . The equivalent civeuit is shown in ©), from 


' 12) ° 


b) The out put impedance between D2 and N is R. = 30K\\3ok = 15 <-— 


a) From Eq, (14-8), Ip= Inss(l- Vas )* where ‘row Fig. 14-20 Nes=-IpRs 
P . 

or Vas = ~IossRs (1 — Vas)» = -3x0.47(1 + Y85.)7 5 -1.41 (1+ coat ms Nes - Selving | 
we get Ves =—0.7V a 
b) Substituting , we have Ip= 3(\- oT )* - 3x(Ely" = 1.5 mA <— 
©) Vos = Vpp- Tp (Ra+Rs) = 30—1.5%12.47 = W.25 Vv <j}-— 

d) Since > Ra ythen Ay=-9uRa where from Eqs (14-18) & (14-19 ) 

m = ~ZToss(\- Vos) = 2x3x18*(\ 27) - 177TO WS = 1.77 wA/ 
Sm = — Soese(l- Wa) = 2eSu8"(\— 27) y NM 


Hence , Ave —I-77x12 = -21.2 oe 


€ e Vas. = 
(4-24) From the given circuit , 1p = Vop-Von < aa = 0.25 mA =Tyss (\- VE )=N+ Nas) 


Ra 
J 
oy \|+Vas = (1)% = Zs » Mes =-O5V. 
But Vas =~- IpR, oY re me Nas: = 0.5 = Phe <j—- 
Ip O25xId 3 
; , : Vi +12-Vas 
KVL in the G@-S loop gives: Vj=VastIOig-12 or ta= — 75 


’ z 
ATE =O, tax NSS = Ipey (I~ Yas) = 6.6 (1+ Vas i soli Yrs Ve) 
Solving , we ebtain Ves=-2V and Ly= 1.4 mA 


“Ve = IOig-12=14-12 = AV ; <-— T 
b) Tf Ni=alov , lax pasa = 2.2~Vas = 5.6 (1+ Vas + Vas ) or Nasi} 4Noolar 294 
be ™ 
* Voz 23.4-12 =1).4 V Bee: ee 7 ’ 
c) Jf VoHO , tazd2¥ 2 1.2mA = 5.6 (14 Yas) or (4 Vasy= 23 = 0214 , Vas —2.15 
then VU; = Vas = —-Z2.15 V <+— 


3 


14-26) Ig we find The'venin's equivalent 4o the leH of the 


gate of the given circuit , we obtain: 


where Ryy= 200k \\I.3m = 173. ae ene Nr, = 200K 


i500 SEC inet Ne. 
KVL in the G-S loo gives : Vas=-4I,- 5 ae 
Ip=- oes = Yes nh Toss (1—Yas)?. ~ 4(\- Vasy? 
Saving, we get Golan ey ee - hi 


D- —2.25 mA 


Hence ; Nee = — 60+ (18 4+4)(2.285) = ~60449.5 = -10.5 V <-—— 


(42) (42). Applying Eq. (14-18) +o the upper curve we have : G, (min) =— Tyssfmne) (\ _ Yas \ 


Vplinax) WAL) 
yeaa: yee corresponds 45 Tp=Tpss(min) in Eq. (14-3), or 
(vni 
Ip = Ipss(min) = Ips5(max) (\- “in ) from which Ves = Velma (1 — | oan ) 
P x 


bend ae —Z Ince(max) Tyss(min) 
Suabeipur ng ») we have : G, (min) = re ( Sat Ties) ) 


oy Vplmax) = A Tpss (min) 
Su (min) 


Ipss (max) i g., a (min) Stray LTessmond Ipss (min) 6 QED 
b) For the lowey Curve Eq. (14-19) becomes: G,.(max) = ~2 Tpss (min) 
ov Vplmin) = ~2 Toss (min) QED Ve (min) 
G.. (max) 
o) Vp(max)= 52-(6x2)* = -4.61 V5 Vplmin\ = 9 ee 
(4-28) We are given that y= On2iVee whore tira. the circuit we 
have : 


Vas = SO eee Substituting and solving 


we obtain. 
Iy= 02 (15-51,-3)7 = 0.2(144 


-!20Ip+25I5) or 5I,-251,4+28.¢=0 


Then Ip= 25 SV 625-576 wezseeite S 25 2V49 Gud Ine le SonAueor B2mA | 
Sore 

The second value of Tn is rejected , since Vas = 4 (30-32)=_-IV 

and the FET will be cart ff . Tye 2 w A <-— 

Then Vas= 4 (30-18) = + 6V 


ond Vys= 30-1ex10=12V qe— 


(4-29) (14-29) Frow \he equivalent Cirourt 


Pens re 
ce ta 
Shown , we have : 


Vo = —hepte R where 
lee a Gu VU; Ya pes LJ . 
Ya+hip one, 
Since Yy > hib Sulseh es ug ,we obtain 
Vs 
Av= UE 3 — hen, (-gu) ire Sun hee Ry. GED 


4 


(4-30) the small-signal equivalent circuit is as 


shown. The approximate equivalent clycuit is 
used for Q2. From the circuit, 


Vgs= Vi-IRs where I=I,-l, = T-hele. 

Since hie Ka , then Ig~-T, , thus 
T= U+hse YI, 

KVL in the FET loop gives: 


Wa ¥ai+ Rs (\thge) I, = MUgs= PV -p (thse) Rs I, 


I Pvi oe Dm Vi since Yy>>rhie, hge>>| 
"aL bes hie*¥a + (Mri(l+hge) Rs 1+ Guhse Rs and p>! 
ud 3 = ey) ImngeRs 
Then Vo, = IK, = (+th+e)Rs ie Nites . Ay, Yee ~ ear Wc ee 
and Noy (= Wi, —hreleRe = (hpeRs +heeRe)I, = hgeC(Rst+Re YT, 
= Yor ~ __Gnbrte(Rs+Re) QED 
Hence, Av ne VF ~ I+QuhceRs 


4-3!) +he small~ signal equivalent 


Circuit of the amplifier is 
as shown. It is assumed 
that h,. is negligible for 
Q2 and Q3. Moreover, if 


Vqa>>Ri, R2>> hibs , ae >> hibs , 
\ 


—_ 


shown. 
=a eat R3 ond R’» Ry, , we can Cross out these elements as sho 
ob3 


= wi Ry — Uthger) hibs L 
Then, Uo=—hgpsl2R3 where = (4 hee,)I, ond I= sees 


hiez +R, 
~ See Rs Vi ye —aenlithces Ris hes Ui__ 
Or LS Rabies +(heesdhibs 8 + ies + (I#hees ibs 
v RRs QED 
=—§He = \+ —____* 3 ____ 
Hence ) A. Vi Ju ( hte2) hebs R, +hie2 +hivs('+hre2) 


Note that A. is negative , Since hgb3 is a negative number. Thus, 
the feedback provided by R’ is degenerative 
amylifier. 


stabilizing the 


) 
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CHAPTER 15 


G=) a) Eq. (15-3) is : NOx, +t) = NU —erf xe - Ayylying the boundary conditions, 


N(o0,+) = No(W\- ev$o) = No We) = No 


we have : eG pit 


P| BC 2... N(xX,0) =No(\—erfoo) = NoWi-1) = © for x>0 QED 
2 
b) From Eq. (159-2) , Ney pe Nera e: rom Eq. (15-5), N(x,t)= & at 
ot @x2 ’ 


Vrept 
Differentiating Xo e (15-5) wrt +t, we scbtain.: 


Ue dotape ty, PY seas aS 
oe - (Be e4nt) xc +(Qe45t) ( Sp) = N@,t) (ape 24) 


Differentiating Eq: (15-5) wrt x, we obtain: 
Xr 


ON en A oat a ene COIN et 

ox VrDt x Tape Vane : : 

SNe XX Bhi nea QED 
DEN = - (SE) Newt) — gE Nest = Nowa HE Se 
Now checking the BC’s : ‘ 

- ale 
Celie, [NGut)dx = S| 64M, WURDE ) eae Sor t7 Oo 
Bc2 ... N(*%,0) = = (indeterminate!) 

rae -\ 

lat t=y*, then Nixyye= =e apg? a Now using 
le Hospital’s rule we have: 
Yim N(x,y) = Vim 2ay" OQ aoa pest ed nit (pm GW ee 
ue »Y) see ery? (-2by3) he? ere e/a) Coo 


(5-2) a) weight of io Pp atoms /cy, OO rextkome x 31 AWYU 
cCm3 atom 
cae % of P — 5.2 $ 


3-2X10° x10 A ~6 


x 672x107" D_ = 52x10 DS 
AWVU cm? 


<}-——_ 
b = 
) os NEpn = Nyepn = 10%x1.6x15"%x 1300 = 0.208. Oo = 4.3 O-cm 


ce) Since o = (Np-Naeyn , mw order to halve c we ‘must add 
0.5 X10'> B atoms/..3 g 
(5-3) a From Fig. 15-% ; the MOXKlMUM solid 


solubility of arsenic in solid 
silicon is about 1. ¢xI0% 


\ 
/cw3. \ence, the 
‘ : ) MAKIMUM ossi ble 
conce utration of corsenic y % 


divided by the Coe ee tWis value of solid solubility 


= of silicon,N, where 
N = 6.02x10°% molecules , 1 mole 22 
Sra % 2:33g = 5.OKXI\9 molecules /¢ % 
Cm 3 Les 


Thus , % concertration = LBXIO" K100% = 3.6% <—— 
b) For Au 


. (7 Sa 
» % concentration = a KIC = 247x105 % pi lea 


2%.) g 


2 ray 
5-4) cy Using Eq. (15-5), we have: N(o,t)= 2@ and N(25,+)= Q a 
Virbt 


e” 4pt 
25x10 %* r 
pnvss) N22 De fo ghee ein, ck eso SURO yee oN O5 
N(O,t) 4Dt 
From Fig.15-9 D=I-SKIS cm/sec for P @ Ig00°C 
Hence, += 25k Ots = 9.9x10’sec =2 ae 
b) 4KONOSKISXION — Liye ig eer 
Now t= 625x106 ° 4 
NS — 
4XKONO5x1.5xiC eo 9.9 sec 


C)Gold diffuses much Lasher thau phosphorus. This indicates that 
it is practical to establish yunckions by yhosphorus (or boron) 


diffusions aud then gold- dope without substantially Moving 
tue junctions. 


From Ea. (15-5) , Ni(xt)= 
or Yn NeclnDt | 
Q 


zu 
xr x; 


Q Sart At x=% | N=Ng= A e apt 
VrDbt ; . Vt 


= - Xi or %= (4Dt fy, & <u (2Dt Qn Qt i 


ot Nucl wDt Ng TDt 
QED 
a) We have erfe distribulion » thus N(x t)= No erfe ws 
At Ke} er Aa | - ) N (x,+) = N ec = Sc = Vo. = 4.Bx10° /ew3 
Pre IZSOOXL- 6X1 "9 
Thus, evrfe—%i. = Nec ~ sgn! _ \g2 Fig. 15- 
se tt ee 
: —4 = % 
foe Par (teas. 2:7%19.5 or 2Vpt = ZAIXIG = |.4% XiG tem =1.48 
2NDt 2Vpt 1-32 


1g ‘i 
Hence, N(x) = 4-3 X10 er$c ae where x is in NS <—— 


b) From Fig. 5-9, D for B @iooc’ is NB5KI0” cwr/eec . From part a 


pteo055xio® «=. te 255210" = \.57xI0 sec ~ Abrs and 22 min. <q — 
° (o”- 


c) At x= 2) } the boron Concentration frow part a (Ss 
N(x) = 4.ex10® erfe on = 4.4x10 Ferfe 1.35 = 2.8 x10) /ew3 
For P, No=10'/u,> and N (2p) = 10?! eyfc —S_ 


= 2.ex10'! 


2 
evfc LL = 2.4x10* or from Fig. 19-7 | to 2 2.55 and 2[pt=0.78 
VDt Vt IP 5 


Hence, N(x) = 107! eres where x is in 


a 
0.7% 


erfc 
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(Cont?) NO 


0 | 2 rs ned Le 
| <—____ Emitter —__~|-Base alt Collector —> 
e) From part ¢ Vpt = —L (10%) 2 \os*) 2 aioe 
\e Dt SEEM or pt= ae 1.5 
If t= 30 min = 30X60 = Ig00 sec , D= 154x107 _ 9 55x10" cm/sec 
J3o0o 


Now Svom Fig. 15-9 , this value of D for P corresponds to a 
temperature of {150°C ta 


I. Start with a p-type Si wafer, 5-6 mils thick with resistivity of 10 Titm 
2. Grow an epitaxial n-type \ayer (0.5 Q2-cm) Vmil thick. 


3.Grow a 50004 thick Sid. layer on the surface of the exitaxia| layer. 
4. Avyly photoresist material , exyose to the isolation —ererpereret 

region pattern, develop, etch SiOz and strip photoresist. ae 
5. Diffuse pt impurity (Boron) 
6. Grow SiO2 


substrate 


1. Photoresist etc. (as in step 4) to Aceline the 


base vesi on. 


3.Diffuse pe lwpurity (Boron) mto base region. 
9, Grow SiOz 


io. Photoresist ete. +o define emitter stripe and 
collector contacts. 

Il. Diffuse nt impurity 

I2. Grow SiOr 

13. Photeresist etc. to define “windows” where 
contacts to Si are to be made. 

14. Vacuum evaporate A\ over entire surface. 

Is. Photoresist etc. to define connection pattern, 
Yemove undesired Al. 


16. Test 

17. Scribe aud break Monolithic npn Si 
Ig. Bond chip onto header transistor. Note that 
19g. Bond wires from chip to header \eads. the p-substrate is not 
20. Encapsulate . 


drawn to scale. 


\3 


n+ i 
15-3 emitter {mil |) 4.Smils 2 mils 


Fie 
{mil = =25) 
Theemitler width 
is 2p and 
the base width 
i<.0.7 M. 


vd mils 


=~ = 


(a) ib) (¢) (ch) e) 


Comnection @) has the lowest forward voltage drop, since the transistor 
operates in its active Yegion and thus the base currovt is very 
small resulting Mm a small base-to-emiter voltage. 


Ronnection «~) has the highest breakdaoumn voltage , equal +o BVcgo 
of the tramsistor . Refer to Sec. 9-18. 


From Ea. (15-7), we have R= Rt . Hence, 
tolerance, Beet | 8 ly Aes S* (100%) where w is 


iw mils. or T= +10% + 2 


CAL Ee ee EA ea 
30 [ao [15 [33 [fs] 12 
w, mils 

19 
(5-11) From . (15-6) Rs = = XL/g where od? = erat rere. = Seo 
ae a : if R gas S (No-Na ) eS Pn (\O-2)135x1.6 *1300 

Binge = 0iGr aces) . wileKce), K.= 0. 6etrcm “* 
\s ST SoReaece 240 SL/a a 


(15-12) a Since the crossover forms 4 ea ee , tts resistance is 


ON Goren teins or 
- ~66_ 5. as 2.x10° 
b) For A\ ) p=2-6XID neatly | Ks O.5x1o + --———— 4 mils 1 


avi &, amEexto 2/q 
Heuce , R= 5.6X10° Q/y xA4O = 0.224 2 <<+— 


W9 


a) there are 3 independent 
collectors. Hence, the 
Minimum number of 
isolation regions is 
Sn 0 remem 
shown . 


b) See sketch. 


a) The minimum number 


of isolation Yegions ts 
4. ) Ql and Q4 with 
RK, , Re aud Rs 2) Q2 
3)Q3 4) QF with FBR. 


b) See sketch 


(5-15) a) the minimum number of isolation yegions (ts 3: One containing 
Q\ , 


one containing Q2 and one comtaining both Ry aud Fz 


b) The maximum number of isolation regions is 4 ,er one per 
Component . 


G18) a) the minimum number of isdation 


vegious is two- one for Al, Q2 


aud Q3 and one for R, thru 
Ry. 


b) See sketch. 


\ZO 


From Eq. (6-47) ww MKS units the capacitor thickness is 


) 
~ (zeVe\2 e2e: ee amen Wee = 6 aan 
~ Se. = ee = \ISKIO Mm = ITM 
From Eq. (6-49) - €A 2 lo00 (2-54x10? x10 7) 
36m Kio? V5 X100° 


Sar a We 2 _ ° 
es Wi a Bs (254x167 x10 2)? _ es ee ee 
& 36rxI0o9 =O. 4 X107!? 


which agrees with the value quoted in the text. 


Bottom Components (Step junction) : 


Sz ae eh gale = N (— = ar eed eee = |.25X\ rd Cc 3 
e 10 SPAS gb ae Ne 10K. 6X16'9x 500 RNS 
From Eq. (6-47), W= (zENenye - ( eae Ke 7 HOK we 
eNa ee ROX |.6X16' 7K 25X10"! 
From Eq. (6-49) a Ghee! Tze. ereate = 0.0297 pF/_ 2 
feat!  € W3erxiod) 2.3 KIS © PF /mi\ 


Side wall components : 0.1 pF /mil? 


Hence, Cr, = (0.0297 _pF )x(2%6 mils”) ‘aa Cela (2%x1 mils*) = 4.22 pF 
mil? 


~m i |? <}—. 
(5-20) a a 
lo 19-2) 


R 
= 
In 


R 
\Q 
\~ 


{Oo 
a 
3 
Ke 


17-3 


(0 
In 


\Q 
le 


ir 4 


CHAPTER \6 


l6-l) a) x= Zsinwt ae i Zsin (wt +5°) _ the plot of 

yY Vs. X is a@ very narrow ellipse whose 
major OXis is at 45°. For wt=0 or T ; 
X=O, Y=Zsin5°>= 40.179 . Similarly, for Y=, 
X= +0.175. If there is zero phase swift » Y=X, 
which is a straight line inclined at 45° 

b) If x=Zsin(wt+8) and y=2sin(wt+@) , then y=X , which is equivalent 
to zero phose sift. the effec of unequal yhase shifts in the two 
amplifiers is to Ssyread a line out into = “Joop”. 


Input 


\ 


Twe | 
16-3 is : meee oe DAW pacer NL 
From Fig. 16 2a we nave. Ve R, + cre Vi 14+ jwoRC, 
jwCe 
Hence mI Non te Olean 
¢ Ar vi I+jwR.C, 7 |Az| = (1+ wt R2C2) 7% ie 
Be ie ak Apel Cee oe ae ow = ees 
2) 2 Va (14 weRect)2 37¢ Nes = | OY eS 2m RC, QED 


Substituting f, into @ we obictin, |Az| = 


From (I) 


\ 
Vi (74,97 
» Aa =|Aa| ZB where Oa tartior.c,)=taa'(e) = tan(£) gen 


At low frequencies we have: |4.\ = TEIGTA . At f=GOHe , \4:\= 0.9 


pee eee ye = 0.4% ; oa — eee 
or FSCIAE 3) , aa 4 Bl TAS Ihe ke sR Cy Eq. | 
= eh eee = \ | ee, 5.5x10° = : ae i 

nus Se" reg’ " lez ee SS YE Pa 


(16-5) ax) From Table 7-1 (p. 166) , p= e2Kk , Gy,= 1-6 mA/y . From Eq. (16-7), f= (eae aee 


* 
where RJ=WlliRp= 62%'S K 2 121Kk es ee eed eee Petia: 
ise ae f ie Pe h 21 ¥0.02x1.012 Tee are 5 
) From Eq. (16-3 pee h ia eC ee Ps = Jey ole X10 
peomae amnRch tie R Yp i Ry Rs ~ G2K THK 000k padi 
: f ~ onx50xIG/2 ae 2.67xI10? Hz = 267 kHz <-—- 


¢) From Eq. (16-9) » |Aol = g.R = 16x16 °/g.38x16> = 19.| Then N=z0og,,19.1 =25.60B 
d) From Eq. (16-4), QO, =taw'(fi/¢) = - taw' (786/20) = - 21.45° qa 
e) From Eq. (10-5), O2= tan'(4/f2) = taw'! (29%¢7) = 36.28° <-— 
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. (We- = aL BAe Le nary DRED NE Cea o 
(6-6) a) From Eq. (16-49) , |A.| Sati where co x Ra AE SCR TER 4.3TKI0 
aye. (Mo) Fo varie 
* |Ael ei As ae 437xIo0 > 36.4 .Thon, N= 20Q0g,,36-4 = 31.2 AB 
From Ea. (16-8) pee REA TKICNs . 
b) From Eq. ( Pha aa See Vane ne 


a R 44X50 _ 
here Roz ahd ~ 44852 = 23.4K 
2775, (RZ4+ Ri) ci a Ya+Ra  44+50 


. Cus 1 /f2mx50x(23.441000)x17J = 0.003} MF 


c) From Ea. (10-7) ) ta = 
Ao 


We have that N= 20 Log] 411 =—I| dB 


where AL = al Bn BD 
Q Sasi ce [i+ Grp)" 4 
NE all lolog. [1 +C%¥ ] » I+dyy* = 1.26 
f, = 0.50 nA - 29 = 
or (*/¢) 509 and ¢ Scr ie re 


Proceeding as above but with A replaced by Ar and ig) by ¢/f,), 
we obtain : Sle, = 0.509 or f= 0-509xZOKWE = 10.2 kHz. 


Thus, the \dB range is from 29.3He to 10.2 KH. 


(16-8) At low frequenci Bick p ph. for Gwt aed og (aredl) adie 
° equencies , |o°\ fa pry @eacinys hye tee 0.995 
t high frequencies, \Az| _ f 
At hig quencies, | : [ust 4/4.)° | \ (4 onty/2 7 0-997 . Hence, the gain 
is constant within 05% in the frequency range 10h <4 ZOAL) GED 
From €q. (\6-4) , B, = -tan'hty = ~ten'(01) = -0.1 rad 
lonO~= 0. 


<- 


since for small angles 
Similarly, 62 = tan'(£) =taw' 1) = O.\ rad. Hence , the phase 
shift is constant to within 0.1 rad =5.73° for JOS, ¢ fc 0-1f, 


RED 
Eq. (\o-15) are eee he + Cec C. +6474 6. A _ Ret Yor He 
C69) From q 5 ) mR w ‘~e e e(\ g R) an R re Fac 
Thus, =) valk ad ee al ae Se will be maximu h 
$. 27 (RAYE) Ye Ce+Cehi + Soke his| ’ {, Mm when 
rs ie 
Rand C atain their minimuwm values. We note from obove that 
Bae minut © whernorrRes0 co ts, C. Thus, §, (max) Fe oe emacs 
2 c 
Pee cae. (is¥59j)laiwey 03-45) x yg = el end Cow Saal) py mn 
Th { Gm hie S+h a zw Ce+Ce) 
us, = = Cin sk Eg. (1O= 19) 
( 2) max 2m(Ce4 Ce) Hy hte You hte 4 


b) From - 370 , Vp! = 100 L2 ) hie = You + Myre = OOS , Gut SO mA/V , Cet C,=193 pF 
hte = Gu Ye = 50 


ee eee ee ey) be 
Hence, Amok 21 (103x16'7) (100% 50) 


& A l6o-l o|l= Nese Ke = | = i150 Re or \ISRe+INKIS r SOR 
From tq (16-11) , lA \ boa hre 9 Re +1-1K 
or B5Rc =H 16.5 «- Re =0.472K = 472 £2 


_ 472xN0° _ 320.9 
From Eq. (16-14), R= ‘72 tress 364 S2 ; From Eq, (16-12), R= 4724100 ; 


123 


(16-10) (Cont'd) Then, from Eq. (1613) , C= 1004 3(1+ 0.05%330) = 195 PF 


ve roy AC e side OPS MH ———— 
Wing Eq. (16-14) , 42 = Seay a53) Foie 


s mole een Or te Th ~ 9m 0.385x10" 
(6-Nai 03-27) , gue titel 19 SPO.ses Then {= om = Caen 
(16-1) ) From tq = Z6 ra $, 2m (CerCe) 2m (2541-5) 
OY oe = 710 MHz eee pe 
= hie = Wee hi = 
tGely =e = =—s where = Meke Ne . bhye=GuYe= 38.5 
hie=Ky*Wwe® OR. +. x= BBS <ee' eo hoe te Substituting , we get; 
\gO 
at Pye Mehta ke he 
Fee) opt Visi cal 7 LEese?? epee 
Evou. Eq. (16-12) , Ro 7TETXISO _~ 146.5 M1 . Then, from tq. (\6-\6) ) 
737+\160 ‘ 
es ve Re Cee OV our ee —'__—s = _ 326 Miz <+— 
=I 
(Nan CRD Ret Vay [1+2tr (Tonic*y(1-5x107)(146-5)] (187480) 
¢) From Eq. (6-11) , 10= 33-SRe ov JOR +1800=38.5 Re . Re = 63. Aman 
Re+ 180 
Then R= S22%)80 2 46970. and C= 8541-5 (14 0.395%46.7) = 13-5 BF 
63.2+'1g0 12 
From Eq. (16-14), R= 324380100) _ 5g.gn .f-—I2 _.=23q My 
‘oe ( : 63.2+1280 te 2m (5.9) (113.5) * pli, 
d) From fq, (\6-12), R.= FSSON BS = 165.2 Then, C= ¥541.5 (14 0385%165)= 182 pF 
~ (2000+80)(100) _ 2 ele - 9.16 MH 
R Z'SO ees EM veers 210 (95.5) (132) ia ; 
e) From Eq. (16-19) | ($2) mers = fr hie = 710X180 _ 4).5 MH Ane 
hee Vou’ 32.5 % B30 


From Eq. (16-21) ine 235 Rao Kiotiy Horieeae a = 17.9 MHZ Then, 
2 -G 
from Eq. (16-15) aR Ce Sree = ae = og xio® . Using Eqs. (\e-'3) 3 (16-14) 


and the values from Prob. 16-I ,»we have: oie se"). (66.54 1l04Re\ _ gi xid? 


Solving , We cbtain R, = 140 $2 em eaiee Pte ek 
Then, from Eq. (16-11) , A,= ~hee Ke _ _3g.sx140 _ — 16.85 <-— 
Re+hie 140 + 180 


w 


(643) a) From Eq. (16-7) , (Ropt = RE where hie Voy tal. = 454 oie = ZE0F A 


vx 
hte = Se UT 54 _ 
and x= uefe hie _ 138K3-5 2605 - 35.6 is Bde 0.39 bane 
Cote yey 123:5, OaGee' 2: 
=~ (fe a, 260572 25h Spare 
ort V35.6~ | 


b) From Egs.(lo-16) , (e-13) & (le-12) | Sm, Ke, Re+ hie 
) TAefa| = 2m Reltey AwhieRe Ce+(Rethie) (Ce+Ce) 


0.0086 Re Re +2605 
v = 
o IAofe| Re+ 45 1-28KI6IR, + 2-045 


For Rewloo Lr , \Acte| = 7.4 Miz 5 For Re=\k , \Aof2\ = 3.9 MHz 
7.25 Mie, and Lor Reag= 5250, |Aofe|= I). GMHEt— 


6 
<j 


Re =lOK , |Aofe| = 
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Brom Eaell6=21)), fp.~. 237 


is a. = 35x10 . Using the parameter values 
\o 
Geaercb. 16-13 .wWe have: = (2560) Rst49 1. GQ (G-14) and frow 
Rex Z6095 Ss 
HS? 
Eqs. (16-13) 3 (le-i2) C= ties + Sass eee ates Eq. (V6-1S), RCH aes z1(35) 
=A. atows om Re +45 492 =e a sto 
pees Ge 1:7? [rs60) R260 a} 783-5 + Be rae ima 
Re = G00 2 . then, from Ease) fo- . 1284600 0 gee Jae 
60042605 
(16-'5) As Re —> © 5) Ac = — eRe meee. Wee Beer 2066 
Re thie Gye 
Rus cBehie yt hie = Ky +Yye = WOOL 5 CH Otc (1+ Ghie) 
Ke xhie = 26% er 
fe = Re+Vov) Wee Free (h 
Ret+ hie 
Hence, From Eq. (16-15) , {> WMNO® wept! 595 kHz , |Aof,|=(0x595x1d)= 29.75 Mlle 
P 21 (19°) (268) ; oe 
(6-16) From Eqs. (16-16) % (16-2), [Ach |= Sm . ee 


= Ce+C. + Gm Ce Rehie/(Rthi) er" Re+Yop 

| 

= ant, (Estey Ethie} (a) brea giacp sty death S- 
GmCe Re+hie aAenominator is minimum . To tnd Ropt 


re Ce+Ce Rehie Re+Vpp! Os = " oa “we (Rethie)hie -hie(Rc+Yow) 
ARe \( Ju Ce : “seek Re )f = bree ral 2b) + 


(Re+ hie)* 

(EUS ANG ae AMS ne 

Bute) (Kes hie hgeCe hie (Rethie)” = 
Then Re (I) + Zhie Re hte: Ss 5 (Re) opt sf — Zhie* [4 hie -40-% J4 hie - 40-xhie hier | xhié 

‘ 2C\-*) 1% 
For x>!, and taking the minus— sign value , we obtain (Reloyt > 0 
namely, (Re) opt = Deen hie fee x tL ong ae .. Eq. (16-17) QED 
(Vx +1) (VR-1) -| 


Thx 4 ) (Re) opt <O regardless which Sign is taken above . This means 
that under this condition and for “Kero, AGA Starts from O 
at Ke=O. ond. increases monotonically with Re. 


Assuming thot §,= 0 , we have. 
a) §, =10 Miz ; RC= te = 0.0159 is 


b) $2 =I MHz 5 at sd yece! Vo= Ay (I- e Sousa) \ 


Vo 
at t= | psec : Vez Av (I- o°3) ~ Ay 
o\ £,=0-1MHz s VoeAv(I-e"***) Z 
Be inc Vo= Av (1 € 72?) = 0.467Av ; 
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_ \ pois \h op =\.99 
(EB) a) From Eq. (16-25), P= SEAL where Fie SU RTROC, 2540.2) 


Ke 
sus, Pe OW) - 5% — 
‘ 10° 
b) §, = \ 243 Hz . pe loon (318) 2 10% <— 
an (34210 x10” 10° 
ange = 1oomTrt (iy $= 100TT (1.59) = 500 Ht <+—— 
oe? le curd or f Nye aawor Cols) 2 ena ae 
Rz 
+ 
(6-19) ay The equivalent circuit for each stage is as ne ¢, iN 
shown . From this circuit we have: A¥e4 Ye = As yj; : | 


TE the input to the first stage is At RC. RL, - 


a unit step, Le. 
Vin = ult) , then its output may be cLiained Lrom tne above a.e. 
Thus, Vo,= Ao U- é 7} ult) _ This is now Fed to the inyut of +thesecond 
stage, i.e. Virz= Vor . Ne now have: AVoz 4 Vez . As ()- SV REY whose 


t Ro. 
general solution is Vs2= Ad (I- elegy it eGre Saul stituting , we find 
z 


; -t 
Re, Vor = ASL Usb ye’ Reudy . Let x2 Be 
Then , Uo=Assi-—U4xye*] for t% 8 QED 
by If bec RC. | then xec1 and e*=\-x+¥_... substituting, 


we obtain, = Ao }I- (14x x+8%-)] = ASIA U- Sea] = ASE OED 


From Fig. \e-ll, t2= + 


-| 
Us 09 aren where Srom Prob. 16-194 


Ve =O9=\-\itxje or (4+x)<e%= 0.1 . Solving by trial 3 evror, we get 
x= 3.8%. Also re =O.| = \-(i+xye* or (4x) = 0.9 for which x= 0.53 


Thus, for the two -stage amplifier , 4” a (3.86-O053)RCH3.35 RC From 


Eq.(le-I5), f2=ste. - Hence, $F, = EEL Oh QED 


For One stage ; Vor — Aoi a Ao. 


uy 
Vor ==) eva where $ = 


Vir jwRC, 4S Ate 2anRC, 
For the second stage, Vor = Ao: _ _Acz herve! (ee 
Ure \+ jo, 2 \+j t/eo 2TR2Cz 
For the 4wo stages cascaded: Vez = Aoi Aor 
. [ z \ \ z 
Vin I+ if qm * Zo) - conc) 
m (1) le (2) av) Ac: Aor (2) 7" i + fil Act Nez 
Tf ta “420 , then: Yes ey vi 


ay 
in ao Pepa/c 2 “eh A then oe x 1+) /¢2 
Thus, the overall bardwidth is ayproximately that of the shage with lower f,. 


From Eq. (16-26) , ae £. (24-2 =(0.258)? $2 = 0.508 £2 = 20KH2 


f2= ZOKNE = 39.4 kHE sie 
From €q. (16-27) , fi? = sts e200 Ne. ov. £, = 0.908%20= 10.2 Hz <— 
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(6-23) N= 20\og,,| Gen Gea == \-AB TS" ~10 Qog,.J 14 Fife 
Or Jay" = 1.26) fife 0.509  . $= 0.509 x10 = 5.09 He 


From Ea. (16-7 ipceseh | 0 Nal inv, th — S-SKXIOK _ 255K 


° 


F+| = 20leg,, 


\S.Ssk 
= = 0.062 \ ¥ <-—— 
ia 27 (5.09) (503.55xi0) Ha 
b) For the two stages , 20%og,, | S4\* =-zolog,,\1 +(Fi/c)* | = -\| AB 
ov Wty\*= 1.125, fifp= 0.392 ~. $,= 0352x100 = 3.52 He 
Hence, Cy= (0.0621) 2 = 0,09 pF <}— 


c) Since the high - frequency gain expression is similar to that of 
low frequencies provided thot (f/f) is replaced by (f/¢,) , then from 
= : = snes = ches =(— 5 
e b (4/62) a 352 where {, PR, = — ce (+ bt as” 
Or B= 283sx10  .. § = 0.3528, = 2 ee = 3\7 ke Apo 


d) Overall midband gain = (guR) = ( 


ASKS TNE 240 
I6-24) a) |Aol=GuR where 


Z2-S35xKI9 —— 
-3 
Doe (ol ae lh ce A SRE Oi 2 deo eels eee 
R ee ah ire? rk a boas ‘ |Ac 0.24xI62 
or |Ao\= 10.3 N=20 Qoa,, (io.&) = 20.7 AB . Wence, the overall 


midband gain of three stages is 3X%20.7 =62.1 dB 


<}---—- 
b) From Ea. (\6-7) ee \ '. YgllRa = 272K = 4.35K 
) m ka, ( ) x IO (RFR) where Ry allRa i 
Thus ( ee eee — Hz <}+—- 
2m (5X1S9)(104.35xi0%) 1 Cee es 
C) From Eq. (16-27) , £ = 4, /(24-1)% = 305/(0.258Y* = 305/0.508 = 
ee = AHO =e 6636. KNE <— 
a 20eRC 2 ¥ FOxKIG'? Ete 
=) From Eq. (\o-26) : bas = ce (22-1) = 636%O.508 = 3 <q 


(6-25) a) From the plate charackerishcs (Fig. D-5) ot Ip=lOmA ond Va=-5V , 
we Gnd Vp=185 V. tence, oe Vee =Ne ’s 300-189 = WSK aE 


Pp -3 
“ CLP oy eee ee SF re yA”. witAgls 2KIO 5 10.1 
b) lAe| Qmifk where R (35 > W5 a oot mil a a ) \Ac| 21S x164 


Overall goin, \Ao|* = (10.1)? — a oee a 
c\ From Eq. oe » Cy = Cok t Cop (14 1Aol) = 16+ 15X UT = 18.3 pF 
a SS 4=y, R = Pete SIA Tie << R= \M _ vhus, 
) { 27 Cy (Ro+Ro) where R p)\ P 7.745 
\ = 
Me 271 (1078) (108) — ON area 
2) From Eq. (16-15), {2 = a . For the Sirst stage C= Cpr t+ Csiray * Cin = 38.8 pF 
5 eee KIO 4 ma 
Thus, (F2), = 20 (3¢.8x10"'*) 895 kHz . iy 3 See 
For the second stage , the tctal shunt capacitance \s C= pKt Cotreay r 


Since this is smaller than C, , then the upper B-dB frequency (f2), for this 
stage is higher than that of the first stage: (4),= 395 38-% = 1.69 Miz <-— 
Since Cp is the same Lor both stages, thon Gi is also the same. 
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(Covi?) 5). The scope impedance of IM shunts Rp. =l-5K and reduces 
the gain of the second stage by a negligible amount. However, 4, and f, 
of the second stage are affected. The new value af Rizo.sm , and 


(Kj. = 15-325 = SS He 
505M 
C,=205420=40.5 pF -. (fa), = 1-69 Fw = B55 kHz t-- 


1. GAKS 
(16-28) a) We have: jAcl=guR or Re 15 x=2.94K . Since Sor a pentode Yp>> ®, 


5.1 

and Ra>Ry , then RL xR = 294k Pmt 
b) £, = —1____ h f =294K << Ree iM «. S,= u =lF.Az 

1 FRCEURLAR) wir eed Go eae ea “ W* Sr Ge 8y0e) 
c) £ = Pralel | Sooners = Seen (On\aeeee = .22™M q 

*" 2nRe 27 (2.94xX108)(16.8) 7 He 
2. 6CG7 
a) From Table 7-1 , W=7-7K aud Guz2-6wmA/y ~. R= s2-= 5-716 K 

ete Amen ra 
Now , Ry SG F7 + ee an Re : Solving » we get Rp = 2E.31 facie 


b) Re = VW, = (7.7% 23.3)/(7.74.23.3) =S.2K .. si = aa eyuseaue™ \5.9 He<t+— 
¢) Ce="Can + (i+ (Aol) Cap = 2.44 16%3.9 = 64-8 pF, C=Cji+ Cort Csrray= 19-9 pF 


4 CS 5 Be OV Se k —- 
ae 27 (75.5)(5-76x103) Reon Sas 


Note that for the same gain, the upper B-Ab frequency of the pentode 
is about J mes that ef the triode. 


@) 
From Eq. (\o-26) : +2 = 2 a, Vox = 1.55x10) Ht . From Eq. (16-10) : 
(2/2 —\)/z (0.4 14)2 
|Alf, = Qu. set fy be (oxi 3) x lolz = 5,13 Set es hAgis = (5.13)*=26.4 7 
27 Cyhunt ot 270 (155x107) (20) 


C= 05 pr 


(6-28) the equivalent eircuit af each stage is os 


shown . Jur Vi 

A) Ao=~FmR = -9u. (VR, IIRg) = —G.. Rp =-10x2.5=-25 
overall gain, A? = ¢25)t= 625 

b) For one stage , t,=2.2RC where R=Rp, ond C=Cs=20yF 


ve type 2-2 x2.5x103)(20x10!'2) = O.11 psec ; te = Sth: ON7I psec <— 
¢) Tf overall tilt is 10% , then the Hit yer stage is 5% = lottfiy where 

{= eer & te 190 + 

 2rCQ(RAROD ~ 2anisxoyioe Te T= 12 = 2okhy See 


(6-29) the equivalent Circuit is as shown (Assuming 
that hre and hoe are negligible .) 


q) Vo=~hgelRe where Ib = Vi =O thee) Ip Ze —U thse) Ze 


R ; 
I+jwReCy, Rs+hie + (I+hge)_Re_ 
1+ jwKeCs 


12% 


(6-29) (Corit’'d) LeteRie Ree hie, wave R = (thselRe 


. Then 
ee ee NES TW jax 4 cee Usiwitels) NiO catia frequencies where 
+ Soe R + BK (+jwReCz) cyfoes) 
wo 
the effect of Cy is important, the gain is A\= Ye. =— se ta 
Vi = + yw e 
In the midband Cy short -civcuits R, and the gain is Av= - Ws hee Re i 
a 
Thus ALL [+ jwReCz a 1+ jwRe Cz au Qt ih Ee) Hex 
* Ao (EZ +i)+jwReCs, B+jwRe Ce ere R 


b) Let X= whe . Then , A 


= 14iX = At the \ower 3-aB frequency ; 
Ao B+ jX* 
Als 4 = = [ee 2, yr eres 
a V2) B2+x? | ae B*+x) x. oat oe =) ils ener cs 
re) 
7 
oy Xx, =)B=2 = 2n§, KeCy i ae wil BE SP OT QED 


ZiT wat 
Note that if Biz, then at zero frequency (d.c.) , \o.\= 


\ 


ee 


7S . 
Hence , Shere exists no \ower 3-daB frequency, Im ste Aas the 
witage gain never droys SAB from its midband value at 


low frequencies. 


4 
2 gp dept as 6 uy i+ /r 
¢) Tf B>>!| » then ray and also B>>2 ee & x ar ReCy ee wa 
2 eagle QED 
st 1 ty 27 Ke Cx 
(639) ct) From Fig. 16-15 , Vo= Vs- Gm VgeZx or Vgk = we ' 
mo 
But Vo = iba eT = eee Sete Lae Sf alae = Vo a Gwe QED 
b) Z +m & ic Vs I+ Gu 2x 
) a hae ’ “US, AS Ww-we ) zx. —~0O and from part a 
As > — Se Ri QED 
¢) From part a , Neo me Gm Rv oa — Fm RL (i+ jwRe Cy) _ ~ Fn (14 jwoRe Ce) 
Vs \+ Se (3 1+ GmR + JOR Cx rid: Re) +) oe 
: I+ jw kK ms 
then, Av. _! tips 7 sees ree ee and peeks CS 
So Gm 145 F/ tp gt ete PF 2m CR 


6-3) Tilt is caused by Cy and CK, aud if the contributions are small, 


then the total tilt is equal to the sum of Hilt ae to Cy sees that 
due to Ck. ti Tilt due to Cy: P= 


rooms, where feo) = ote, 
"i =< ., = 100*%4 2T1C CRE+ RY i! 
or f= 21 (0-25) (0.5) + OO ORS son= a) if, 
Wi) Tit due to Ck: P= Bet (100%) = =o. (\oo%)-- -- Eq. (16-40) 
3 


K i 
- 5xId ?x100% . \\ 
rey = ~skio _Nle0% = 5 9 3 Pp {= are sma 
vy Pa 2X 500K10"x 200 2.5% Since R&R 


Total Tilt = 2%+ 2.5% = 45% es 
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, _ 
16-32) From Fig. 6-136 we obtain. Vo= —hsety Re = Shere = 


-_ 


where R=Rhie 
Since the voltage across a capac itor eanmnct change Deuce . 
then VUen=O and iy= os » Assuming next that all the -emitter 
eurvent Sows through Cy » we obtain >: Ven= (thee? bp + =< 5 ate cs 


Cy 
Then , Us= oy eae QED 
Since t= Be » then P= I2hée 100% = WISNer xl00% ... Eq.(\e-37) 
ZRCAF *6Ga' Testis) 


a) Using Ex. (16-42), we have : 


B- the lAvGlaf = . aay 
Sine a = Fale le]. = tage 


b) 1 f=lokhe | B= 50 kHz =15.7 kHz 


(16-34) a) The output noise voltage of the given circuit is exyressed by 
Eq. (lo~41). From this and from Eq. (16-42), we sclotain. 


\ =4kTRB = aEUR { IAve\? dt where lAvol=! ond Av(t)= 


si == 
= se x 7 = 
Mie are ("gE age (SR RTE | Er 
\+(aTfReCy (21 RC) [+X 27RC 2 c 
ne al see (alc = 
b) ZV. = melee) sete lint OED 
CHAPTER I7 
(7-Day) From the circuit we have: ts Ace lonede 
" Ts Ts I; Te 
whe tee 52 ; F RFT ed ais 
Ve I Rik: > Rix Ryllhie = 2o0kIl4k =1.04K 
2 tee Pen ip oe Re —~ 20K 
oyYv — Ped dae cS. eee SS 
I< Ree Tio Rythie 20k+ 11k pee 
ta Sg po ESO ee a, * Ie s(L ) (0.95) (-25) = -1).65 <+— 
EG is Ret Re r-5 2 ae Soran 
ES ne Sala. a he a 
eile Roe (11.65) 2% 46.6 Aes 
Be SES ve eaten SA mA <}-— 
Vs Ri Vs Vs Re AXIO ? IN 
d) Ye = Rs Ne = 107(- 46.6) = - 46.6x10" V/a — 
) 
e) Ri = Rellhie = 2okllik = 104k <-—_ 
C) Ro = Te I Re = 40k ||4kK = 3.64 kK <j——— 
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(7-2) a) Iu 
Ts 


= Rg as a 5 ¥ where fvom the 


et legs hi 
equivalent eircurt , ve = —Im(¥gllRaI RL) 
* = 5x16" QAXI0*_ 22.7 
Te 10° zi 
Ts 91x10? Far came 
b) No = TL Re = ~ 2500 q.1 = oy Ay ae | Note shat here V, = Is (Rs+Ra) ———— 
Vs 1,(RetKg) Joo \ 
¢) Bene Vo 1 =(Vo le oP easy ieee = —-2.5 mA Sao 
Ns Ri Vs Lv Re 9.1X107 /N 
d) ¥ mikey Vo. styot(-22.7) i= -22.7K10° Viaue ~2247 MA ers 
s { 
Be era 16 tales elias peRlhon slot ore 
$ 


(7-3) a) From 


Rs='K 


the equivalent cireutt shown we have. 


a 
We = = hgelpRe where vee eet 5 Thus, Vs Vi 
sthie - 
Viz ~ heeRe Ns-V5_ = 


Rites = “Io xe (Vs-Ve) = —50(Vs-Vs) <— 

b) With the output of the: inverting™ amyli fer connected +o the input of 

the @-network in Fig. 17-7¢, we have. Ve= BVe and Vo= AVi = AvVi 
Thus, Vo =-Av (50)(Vs- BVe) = +5x107(Vs-90-01Vo) or V, (\+500) = + SKI0*Vs 


4 
Hence, Avs = Vo as era x< +100 


—— 
sre 501 | 
JooXIK _ SO 
9a From Eq. (12-87) , Vi = AuVa + AcNe where Aa= = nets = rae 2 
4 Aa LZR zSRIOKIOt 100) *1e _, = Sg1GXID pin Ha oe 
a ile 2K104(1Ol +2.5x19 KIO") + 10 Z0.2%107 
Vi = 50(Vs-V5 0.0493 (VstVel * 50 (Vs-V¢) <— 
4 
b) Vo= Ay Vi = 50x10°(Vs— 0.0INc) oy Vo (1 +500) = S10 Vs 
Hence , Ave see eae 5x107 =~ +\)00 <j-—- 


Vs 5O\ 


A cok 
(7-5) From Eq. (17-5), we obtain - \AAe | = \V,| \ae| where A= Ar 


~ 114A 


or VA = 3A, dA, ° Then aA = 3h = 3¥, 3 From ta. (7-4), ata As 
\ 
Substituting, we have: IWl= a 3\W,| ov A=3As ay QED 
| Hg MIA | oath “Od be 2 Keke) . \4BA= 1o° 
(7-6) a) From Eq.) , \aRe\ = wal! | or OS ea ese 8 
or BA=99 . Hence, P= 1 - = 0.099 —— 
= cA. = oS =f 1O <-—- 
b) Ac 6A 1499 


\3) 


a 2A ig 01265) ee 
(17-7) a) A= a = '285 ,; @= 0.012 . From Eq. (17-4) , Ay Fry) = towtaliaen 


. Voz AgNs = 78.2% 0.028 = 2.19 V wit 


b) If the output remains constant at 36V sthen the istorlion yroduced, 
within the active devices of the awylifier is unchauged. However, 
since the distortion at the output Ls less than wm vart a bya 
Sactor of 7, it follows that the feedback now increased by 7 and 
hence, the voltage gain decreased by 7. Thus, the input signal 
Yequired 40 produce the same output (as in part a without FB) 


must be: Vs=7(0.02gv) = 0.196V par 
(7-8) a) - 40cB = 20 hog,, ie A\ ‘ ~ 200g, \14BAl i +BA\= iC 
But |Asl=| At eos is J Whence awmylifier delivers \OW , its 
\+BA joo 


output voltage is Voz AVs = jooox(lox1d*) =1\0V. If the output power 
isto remain at 10W , then the output voltage also must remain 
at IOV. Hence, the input signal required when FB is ayplied 


will be Nota Gael yeas 
b) The Aistortion of the amplifier with FB will be reduced loy the 
FB factor ie. by |l4PAl=loo . Hence, D>= io” = ONS quae 


07-9) a) The voltage gain at high frequencies is gluen by Eq. (6-5) , 


ee Ave fa \ Ave\ 
Av2 od 145 §/g, and \ Av2\ a [1 + (F/4,)*] 72 


The gain with FB falls 2 aB at a frequency £=f2¢= $, (14 BAvo) «+ Eqllt-22) 
or f= f, (1+ 0.1X1000) = lOif2 x \Av.| = GA OOF cpt (Oooo _ 9.9 <<-—- 


a Tisgon? ye “101 
Starting with Av = rhe aud fig = fi/(14BAve) , we obtain the same 


yesult at the low - frequency end of the speckrum, 
b) fee/e, =148AV. = (Oli ane fis/g, = '/lor = 0.9099 <$— 
¢) fag = lor x50kHe = 5.05 MHz ond ficg= 0.0099xz20H2 = O19RHe2 9 ge 


C39 a) the gain of each stage without FB is Ave=-GuR where 


ca aero et Ra" (b+b+ MIO ME VZiKIO" . Rene 2G Krome 

Thus , Ave=-6%8.26=-49.6 . Also , Piro canoe =-4x10? 

For the 3 stages the gain without FB is A =A2,=—1.22 x10? 

BA = (4x10°) (122x107) = Age A,= mr = a2erlO?. orion <j-— 
PA 1+ 4.4% 

From Eq. (I7-13) | Ro, = op z ee VAAN Te Pr. 


(Cont’d) b) If we take the output terminals as B &N, then the forward 


gain is +he gain of Ql or Agy=Ave = — 49.6 . However, Q2 and Q3 must 
be considered part ef the feedback \soy . Hence, Pen = -AveSt =-(49.6)4x1o 
ov Ben=- 0.99 . Note that the loop gain -PeyAgn = Av. EL =- 4.85 —-—BA which 
is the same value asin part a. (It should be clear “Yet regardless of 


where the output terminals are taken, the loop gam is unchanged.) 
* Ag > Ame = 249-6 2 eda, Re SICK a) 
oe cee 5.88 Haier scam age 


(Gap Refer +o Fig. I7-I], With R,=0 we have: Ve=ILRL and Vs=1iRig where 


<}— 


Rig = RiG+BAv) ... Eq. 7-18). Thus , Ave = Meg 


OER... FP Ae Re cae, eee 
\ ; ; Ve Ri Re, RUE AN) 
where Ars = = = current gain with FB. Now using Eq. (17-4) we have: 
ie Ay ia Ri Av Ri . A (4 BAv) _ Ax 

Vt I+BAy ui Ri(l+PAv) is RL : (1+ BAv) 
Since, Av=Ayz Ls 


= we have A; Ku Re = A =A QED 
=i ArRe) Re = Ar = Are 


| U7-12) a) Since heeR. = Io xiotco.t 2c] 


ond neglecting are? 
Eq. (12-91) to obtain A. = 


(2x \0x1.2%10? —100) 10% 
Z¥).2K107 (Jot) + (2X16 %1.2%I 41) 107 


then we may use 


4 

= ILGKIO” ~-9.0403 
Z2.42K107 

From Eq. ('2-92) : Ag = + mere) = 500 


19 
b) Neglecting the loading of Q4, we have: 


Vy i aoe - -12 feed 
. , ; \ ; 
Q4 is an emitter Lo\| ower with an fective emitter load , Re= 10k || (Gotok 
! 
or Re=9.1K . Then Rixhie + (I+heyRé = 1K+101K9.1K= 920k . From tq. (12-34) 
Peewee MO ee I ig Go) ce ieee, : 
: i, Ri qzok 0.0011 iste [\—0.001) = 0.9989 <}-— 
ence eve ts sy Uy a at S 
; A= we = Us Ee = (0.9989) (-12) = -12 — 
C)Ay= 52 where wW= Av, = ~12 | 500(Ug- v5) = 0.0403 (Ugt+Vs) 5 Use ae 
Or Up=~ 6000 (V2 ~ V5) + 0.243(Y2+Us) or VU,(1+600- 0.0243) = (4000+0.243) Vs 
Hence , Av = 2900-243) ~ Jo <— 
601.0243 
| a) Starting with the second stage we have: 
| Stage I: Re, = 4-7kWlloK = 3.2K 5 Rizehie=llk 


Rp2 = 22kil2zoK = 2OK 5 Ri, = 20kllI.1k =).04K 


Shen, G1, = He. ~- 90; Aye & = fies -F0 32K = 145 5 Roe 3.2k 

Stagel : Rd, =zzkNoak ~1K ; A1,=- fe = -hge =-50 = 24 
Ri, = hie+ (thee) Re = 1.14 51 (100) = 6.2K 3 a 

Riz Rp llRe, =20KI\6.ze = 4.74K 3 Ave a7 a i eee R; Ri, 

Avs = Av Bi = lIT0 oa = \\45 3 Ay >-E= Av Re =I70 55 = 1130 5 Roz3-2K <+— 
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(7-13) (Cont’a) &) With S in B, the FS amylifier becomes of the type shown 
imetigy Wald kil husieeeBieg Si ee eco 


= 
rl nn ER ~= 


f Using Eq. (7-4), we 


Rit.  100+10,000 oo 
howe : Avg = a ; me = 9600 = 98.5 since Av=(-50/£)(-145)= 6600. <+— 
Rog = TBAV = ==" = 47.7 22 , Was L.VKXO7 =73.8K 
then, Rig = vis 20k \\73.8k=15.15 K ; Avsg= V2 = 98.5 28 = 98 a 
and Are = Avs Rig = 98.5 19.18k = 435 gan 


Note that Arn At (see en or because of the effect of the biasing 
resistors of the Kirst stage. 


a) From the circuit we have: 


Vi= + hie + RK, (Te, +Ig) = Tey (R,+ fie J+ R, V¢ 
or Vi = =o sta Since R, >> hie 


4e 
But T¢ = Te 2 a Rehearn <= Re 


= 1 = hrelerR 
Ret+Rathips fs Ret Ro 7 Se 
So Vis Rakes (\+ hge Re ) oF hgeRi Re Re Gare WA =(Ic, Ko 2 )Re = hse Keke ne 
h iT Re+R. ee ReatRe ; Rate R2+k 
wnere o> cTWN2 IEW; ; = Vo ~ R2 
CRRe ie Hence, Ay= a 


b) Te find Reo , set Ve=O and ayply a source VV across the output dLermi—- 
mals. Consider Re external 4. the a TN aud \et the cuvrent drawn 
from the source V be I. then, Ro=-¥ cen Ro=RelWWRe . 


21, -1 =X —hel ae Bes << Yi ae 
Thus, L= dp -tez felc, where T,= Ty Satie = S awe Ee 
aes @ hSe R hfe 
+ SE ee eee 
(\ R,+ Rix Rethic Scene Hence, Ro = yao hee Ri hte 
he R, + Rsthie 
since he, >’ Rsthic and hye o>]. QED Pate 
ith —hte\s Se Ve 
a) Wi Weeds \ ; Eq. (17-44) becomes: IL = - But Vo= IL KL 
ent Rsthie+hseRe 
and Ac= Vo i eens e NL QED 
Vs Rs+hiehseRe 
b) From a, 1 = Rethiet+hpeRe — _(Rsthie) _ Re . Differentiating wrt hye 
As —- hteRe hee Ke Re 
we have: - 1 dAt 2 Rethie oy Ae. Ag(Rsthie) dyve = Y, 
cf ahte 2 Re As hgeRr h¢e 


vB St te She 


sthie (dh 
hgeRe¥, + (Rsthie)P = (Rethie) SMe Sp ari ser 7 i ) 
QED 
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(7-18) Frou Ee, (t= 32), Rog = Ro +RC- Avs) = a + Re (\— Avs) . From Fxg. Vi-2le 


aud Eq. (IT-31), Ays= Avi +Re _ eee m — hee + Re _\ ChtethoeKe) 
Rs + Ri +Re ‘ Rsthie +Re Rsthie+Re “hoe (Rsthie+Re) 
mince? Rag SL oy fea [yt te ehetheeke) _Rs thie +Re + Rehoo( Rs thie tRel+heeRe “hedke 
" hoe . ale hee Fae See ra hoe (Rsthie +Re) 
op ee (Rs + hie) +heeRe) +ReUithte) hich is Eq. (12-51) with Vre=o 
hoe (Rs+ hie + Re) 
Rs Re 
GAIT) From the circuit, VeANieT(RetRe\-TRe é 


Reis ond Viz-I'R,= —Rike I Qy 
Ret Ri+Rs RetRi+Rs CV 
Substituting (2) ito W) we get: a 


N= Av (- Ries _ ) + (RotKe) I — Rel iL 
RetKi+Rs 


where I'= 


RetRi tks 
ers Re[Rs+Rill-Av) } 
Rog = T Reg RexRi+Rs 
Consider Ks+Ril-Av) _ Rs+Rit+Re-Ke-AvRe _ = “BORGER ePr 2 Ave 
R,+Ri+Re Rs+Rit Re Rs+ Ri + Re 


where use of Eq. (7-31) was made in the last step. 


Hence, Kop = Rot Re (\— Avs) Qeb 


r ' 
(17-18) 5) Assume thot ~Ay =-< >>1. Then, R,= 1% 
‘ \ 
and Re, =I5k{lloK = 6k . 
Ri=hie +(I4 he) Re, = 2k+ SIXEK = 3OBK . The 
Rese te: emitter pokes gain of Q2 is 


Ave =\~ Hie = \- arr = |- 0.0065 = 0.9935. 

The elective load of Q\ is toK\\sosk =9.7K = Ru, . Then Av,= ~ heels = -50x9:7K 
2K 

=-242 . Hence, Ay =AvAve =(-242)(0.9935)=—-240 <-— 


Nete that -Ay = 240 31 as assumed. 
b) R,= 25 ~ Ee = 62.2 2 . Thus, Rig = Ri Ihie= 62.2\lz000 = 60-2 


1\-Ay 241 
e) Ay, = ~hgeRer = ~ 3Q% 10% Sees. 2 Ay = <2 = Aw Ave = 6242)(-1-62) = 392 <+— 
Riz i 
eee ‘Re et = 22.2 4 
3 Ave Vs Av Rig+Rs % 60+1000 
"URC Hoke IOs 
e) From Eq. (17-49) , Avs = — ee e 12e We = IF le 


the agreement is back | 
which is not true eve. 


(7-19) a) Assume that - Ay oiheess . then R= ae a = 27k 


because Eq. (17-49) Gssumes that R’ >> Re 


onda Re- = 2TKW3K= 2.7K. nigh dy, ae 3.7K 
So, Rizzhie +h+hse)Rez = 2k+ 51(3.7k) = 190K 

Noe ee ae Laas a 0.99 22% -0.72 
ve \~ 25 = |- 0.010 99 and Avz=099 = 
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(ER) (Cont'd) the effective lood of Gl iss teklli9oK= 65K «Aye BOP. are 
Hence Av = AwAv, = © 4!2\(0.72) = -297 ae 
Note that -Av = 297 >>\1 indeod as assumed. 
bR, = 27S r zis = 9052 «Rig = I0.5||\0o00ll2,000 = 36 2 <+— 
= AY 
0 Av = Ye = - S0xtoK ~~ 2.63». Av= AwAvas C4129¢2-63)= 1085 4 — 
(2 0) 
d) Ave = Ve > Av Rig - jogs 2S x BG i 
Rig+ Rs at O86 
e) From tq. (\7- 49). Ave = FR Kea = 27K 10K 2 90 PY ei 


+h Re, Fes 3K \K 
e agreement is good here because R’= 27K > Rea=3kK . 


(7-29 a) l= hgelk +Vhoe +I¢ ee V 


R’+h; -ollRs 
oud i = Ks I+ . 
Reh Hence, 
Tees pp Ne Rit op ale Vy 
R’t+hiell ls Rithie R’thiellRs 
On Non ou aa has () + heeRs Eq. (7-5 
, . (7-53) 
erat. retiie a 
b) For the estat) of Se. 17-9 we have: 
fsCrigi cs eee pn See mee Soxiv’ \ _ ae 5* vy 
40x10° AOxi0°+(|.1 10) k (! iy so ORS th cea ae 
Hence, Rog = P= 373 ae 
W.-4Sx10 


(7-2) RetO. The Milley resistance across I0K is R= — a OCR IG a aaa 
A 
‘ Fak ri agate =91K and Ay= “. = 7 Make ae \00 <Z1K =\-9\O; Jie 
Vs = Ay SRS where Rif = Rillhie = =r Whie = ae SOK HK = pea: 


S4 Avs = —-JGIo =i $2.6 


110 js 
¢C) From part b aboe, Rit =1002 fed 
a) From Eq. (17-53) i Yor = I (\ + loox lk ) =e 16°(1+50) = rakote 

100x190 +0.5xI0? 2k 
Hence, Ros = ies ear se Toa 
Re= \K 


== = 


a) To the first approximation Assume thet — Ay >s!. Then, R = look and 
Ru =l0k|llook = 9.1K . Also Ri = hie+ (Ithge)Re= IKFIOIXIK = loZzk . 


Thus, BN = ~hte Re = -190 as a= S292 oihen Ke ar ~ 90K 
f] \ 

and R = |0K||90k =9K. For this value , Ay = ~ 100xg9K st aiete and RK, = 38.2Kk 

or Ri =9K . Hence, Av=-BB re eo eg EE 
b) Rig = 120%. I}lozK =(0.2 |Jloz)k © 9.3K «. Ays=—8-% =" < = -7.95 goat 
CK = 4 ad jq—— 
d) Yof may be found from €q. (17-53) by, using lite ANA lozK instead 

\ lo 
A tale ToOx10% 4{1/N102)\07 (i448 oseano) = L97XIS°—-". Rog= 5ILZK br 
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(7-22) x) The simplified circuit is as shown: 


Stage TL: Re, = 4.7 14.7k=2.35K ; Ay,= -le ~—50 


V. 


Riz = |1K451(O.1k) = 6-2K 5 Ay, = 50 238”? 47K ere em . 
ocean i Ave = -50 FF = "19; RzaTkK ange 
SrSS .+. 3 Rer = (4-Tilaithio)k = 3.1K ; Re, =(3.1|1 6-2)k = 2,07k Vs©  Pigies 

At, = Rr 30 5 Riv = hie= lk “ Ay,=-FO*Z-071K ~ 94 is 

1.1K "s eae ee, 
Qverall DRy= Xe = 9K\\VK= 099k = 9Z0 ee 


, 0.98K 
Ay = Av. Ave = (-94\(-19) = 785 ) A1=- i = Ay SS =1185 —— = 372. 


24K 
1 
= Si eure5 2S =$08 . RoeATK . 
Avs = Av Ri+Rs O98+4-7 a ad 


U] 
by With the swith closed, we ayyly Miller's theorem to R=ISK. Thus R= ere 
across the input derminals and Raz S— across the 100.2 resistor, where 


| = Yay 
Av is the first -base-+o- second_emittey “woltage gain. Assume +hot - A's), 


Then, KR. =F’ =1Sk and Ri, = hie + U+hge) Re, = V:1k4+ 51 (OAK) =6-2 since O.1k| 5k 


zO1K, Av,=I- hie = I~ HS = S\ = 0.336 j Re, =B.illez)k=2.01%k as tn a. 
(zu . 2 , 
Av,=-94 . Thus, Av = Av Ave =(-94)(0836) =-78.5 , Note that -Ay >> 1. 
es ans = 139 2... Ri = 189]|9,000\Wo0 = 159 © 5 Av=(-94)C19)= 1785 <+— 
= ae oa = ; = D9, = 60. 5 =x 4.1K 
eT ren = Te Ate were 5 3 Re ae 


17-23) hge=100 in Prob. I-22: RrzISK aud Re,=O1KIISkKxOIK -. Ria=l-lk+10t (Odk)=N.IK 
evo ik r ie : 
eed tee 12, = 0-90 5 Avr = - 100 S598 = 21-2 5 Rey= Balik =2.42k 


Av, =-l00 <a = -220K ; Av = (-220)(0.9)=-19g FR, = aC Bi = 175.4 2 
Hence. Ri = 79.4 |(9,000]]!,100 = 75.4]|980 =74. 2 , Ay=(-220)(-21.2) = 4660 ee 
= ee te oe Fos Ao pL ee and R= 4-1k 

iis ARP mis eS 72.25 Ay Sieh PTT 13.4 ou <— 


Applying Miller’s Theorem to R’,we obtain the 
equivant ctreuit shoum, where 
ive = — Rh. = Mm. qT! ‘(\- ike 
“ MVse T4TYR+IRi = 1( Sa +)NR4TR 


— Rm 
Hence, A= Xe Say gp 9 5 ited, Wie: : a A 


< Ve. —s-s (RAR a NR +R ~ (Rie RmAROR+t RR’ 
re ihn Di ees ey Oar = ols BS Ne a he ie 
= eed Tels a: noe! Rp! R + RRR’ Re 
aa pia Se Ae a = 5 Rt ) 


a) Under the specified conditions , the equi valent 


ercuit is as shown: 

Viz Ltheeriet+ le] Ry 5 Vo=—(hgblte+te)Re where 

ty = We- Vi) /Ry ; Substitting , we get. 

Vo= —hévigRe - BE (Vo-Vi) or Vo (\+Be)= Be vi-hsbRete W 
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z ) e . sf Noe, ) - = ee Vo-Vi 
(Cowt d) \Uthgeyie ari j Re ov ve= Cerri (then) Re se 
From (I) aud (): ‘i a) = Rey: — hepRe vy, 4+ hgbRe (Ussies 
Re” (aha)Re (thE) Ry 
Vo\\+ Re ()— heb ) \— nth) — ge Re 1] y; 
oa || Re | aie i ie a sn nee al ; 


R oben free 
{ Aen says. = Gees l+heb ar ape Boe ak S —hb Re aie Rs Re ReD 
pape eede Dea j+ Re (| — heb ) Ithsb + Re lthse . 1 
‘Re Itheb Rs = Rs 
b) Using the result of part a, we cbtain. 2 


“1. heb h 
; R¢ RE HN saw % Re) 
ee both sides by Re, we MeN 


Re he, = Avs | (ithe) Be ea 6 Ren F re Ave] (1+hee) Be +] QED 


(7-26) Zilz’ y Z\lzi 
(17-26) 2) Using Superposition we oe Ni= Zille’ +z S vzNeeee z! ° 
Sy eres Cape, Neves, aun). Buz Nal a, Seamer Ve 
wii a= eee ae Ziz+ee+22) ZA +2E + zie’ 
Zitz’ Z2+Z 
Dividing numerator and denominatoy & each term by Ziz'Z , we gat 
t+ ov gt oN Sey Y' Ve ae V 
doe Zz Ss i a a SENS ee eee ae ° 
Yee i ay ee Yuen 7 Yay a 
where ge —Y este Ung eae ar _ From the given cirenit we obtain 
Tay ee it aaet atic tot ee 
by inspection . Me xVs- BV. . Hence, Fig. 17-26 b us equiva nN e 
given civcuit. i A AO 
17 = Ve = fy ea tN PAG fale omy 
b) From Eg, (17-12) we obtain: Ave 1+ BAv AVON) 
0) Ave = Av = ~ 


—— tev —__ = ——*—__ ... Eq. (17-56) 
Yay Ay Y rel Cuma +¥;\ 


If the gain is infinite (Le A—>~0) , then foy a 


finite Vo we must have Vi=O. Hence, the current 


QED 


in Re is tevO and Leal Vs_ — Vo-NVs 
R R, R2 
(+N) Ns = Vou OY Ave = We = j4 Re 


\ 


(17-28) With Vo finite, Vi=O for A=- ee 


"c ni =e) 
Then , T= Nosvi 


and T= Ag 


Rit Re Rite 
sie V; = V,\-V2+ IR, +I'R, = Vi-V24 Ri (Vo-Vi) 1 ASA 
Rit, Rit+Re 
or Sr Vi-V2 + au (Vo -V, +V2) = © 
or (VY -Vve)(I1— = — RUNS Sor WAZ Re 2 RN oo oe 
\ 2 R+ aan Ie Rak : (EM? RRs RitRe 5 =o 2 1) 


QED 
133 


We now have: (W4-Ni) Ri 4V, = W3-V2) Bi 4 V2 
RytR2 RAR. 


oY (V4 = V.) R, +N, (Ri+Rz) = (V3-V2) R, + Ne (R,\+Rz2) or V4 i, + NV) Kee Na R\+N2K2 


Hence , Va -\,; = & (W) = Vo becouse No= Na-NV3 QED 
\ 
(17-30) a) Vo= AMiz is AW, —-V2) where W=Vs and Vz= SiN ge No since R;= 60 
, RanR nt ich laos 
thus, Vo= A(Ns— Ve ov Vo (\ +A.) = ANs 
A apide MiB Fie, 2) Ah21 4 
oy Av¢ Vs be }+ HHI 
% 0; n+\ fai 
b) Xin Bvc = wisps) =, A+ QED 
> Oo A->co J+ n+l 


17-3!) Tf terminals | and 2 are short-circuited , the current flowing in this 
‘ ane NV om . 
short is, Isc = 3 =, . the admittance between terminals | and 2 


is Ya =i +C-Any’. Hence, Vi=Tse/fia = ee . 
BENGE Ao mene (Oot 2 ST RN eeeaeae) 
Then, Ave = V7 Ve SEAN YEON 
(3D Frow Eq. (17-55), - 2 =1 49°. l2')= 12 and yee ae 


oy 9'-O = 45°-180° =—135°. Since Q@' and 0 are each less Phan 90°, 

Men 0 must be negative aud 8 positive. 

Hence, Z = R-jX_e and Z=R+yXe such that (R24+x2)=(R74+%C) and 

}Q'| +101 = 135°. One spocial ecaseris; RiaKe , 5° that 9'=-45° and R=0, 

so that 9=90° (with Mo aN2 Re). 

~ -Y/y' 

Assuming that Y;=0, we have frow Eq. (17-56) : Avs= TEM Team 

But Y/yr = Zz /z = — JXe/pe =-J and Av = —- loo. 


PE Fa St Bgcern th L208 oh sy Gy TOON yi 
lence, Ave ~ \+0.01(I-j) Fi OO ©. |.0} [-0-37° 


‘ ~ Rt 
then, Le se ~-). Since ve is the voltage across 
t * eRe —Rt 
a it etre > we. zo Gert 
VUo= e it ae ae ere @ jer = eae . )| 


€ 


(T-33) Beeeuse ot the virtual ground , Ay is impressed acyross et 
R, aud C in parallel. 


aThUSie tice o> 40 BV. 2Since Vo jis the vathage across if 
3 R, t 
Re aud L in series, we have: a x 
; du atu = R2z v+(® (oa AV yc aU 
-Vo= iRs +L = Ba SRC ae cee oe che BY ig at 
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Because of the virlual Ground rn) Xs impressed 
across R and C Ww earallel. Thus, iz Vcd . 
; er ae 
TE vet , then i= OE 4 XC . 


; : ! 
Hence, Vo=-tR = -AR'C —«& + GED 


3 
From the equivalent circuit , we have: V=loe 2" 


° 3 3 
ome =e 2¥E Te -0 Benet _ Wot o2niot 


= ( ‘e x1 3. _ x1 
Xi Uell) == 5 34 abo ecu a gimpes aan CABEC cy 


R M 


ee 
ic ¥ +cdv A> c ? Poe 
R at 


0) e= Ril = -R’u-r'cdav. =. U-3 aU sion ga 
i R ae wa ct R 


(1-39) a) the equivalent circuit Corresponding to Fig./+30g 
is as shown. Note that Z9/i-a)= —' — and 
SC(I-A) 
DS eh Ee eases capacitor of value 
CUI-A) as shown. Assume that Riece. Then es 
time constawt of the imput civeuit is ~c=RCCI-A). Hence, for tz 0 , we howe, 
vieV-e’t) since at t=O, Viz=O and at tee, Vi=V. 
Thus, VezAvui = AV[\— ef Reta QeD 
ih ei simple RC integrating circuit, Us=V NV a/R) which Lor large 


RC becomes: Us = 3 oe + 1.) + For the cperational integrator 


of part a we have: us= Saue hls a RAN =~ NET \—  ] 
ate RC(I-A 2RC(I- Z2RC(I-A 
if aaa Thus, the output voltage of both circuits erie pe 
ayyroximately linearly with time , ie Re ois large, and for either 


Circurt | Ave| = ee Since the second term in the exyvessions 
reyresents the deviation from linearity | we see that the oxerational 
integrator is more linear than the simple RC circuit by a Cactor 
of /(\-A). 

(1-49 &) The equivalent ciycuit of an operational 
differentiator is as showy , from which : 
yet = = +i fiat : Differentiating we get: 

_ 


= R dt. Let c= RO hon vizltR or iz UA y; 
ee Se: a eras STEAL a “tn 


and v= VU + on whose solution is Uz AtTHEKS TTA. ar (I~ é"T) 
Ga Serre 
since at t=O, Vi=O=V., Now, Vor Aui = Aa RC ]1- 2" ed J QED 
b) For the simple RC differentiating oteutt we hove. V=aat=iR+d (idt 


Q - 
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(17-49) (Cont'd) . Differentiating, we get: «= < + rot “Bato -ve SUR orgie = 


Thus, a= Be + Que whose scubion is: Voz HRC KSVRC pepe ()a¥er) 
sivce GO t=O) UV. = 0. 
the final value & output for ar is A. ARC =~ — ARC Uf -A>r>I, 


— 


and for tb) &RC. Hence, |U.(%)] is ayproximately the same Lor both 
Cirusits. Since oO= du » then vole) =RCAY , demonstrating that beth 
j ; : : . at 

tivcuits do indeed yerform Aifferentiation. 

If Vo reaches , say, 99.9% Sf its Rua value in kime ty for case b, 
thon ot/RC = 9.001. It ta is the time for Us to reach 99.9% of its final 
value for case a, then eo tall-A)/Re = 0.001. Hence , + = ar and Lov 
-A>>) , ta ts very small indeed , indicating that the operational 
differentiator approaches its final value much more quickly than 
does the simple RC circuit. 


(7-41) 4) Assume Snot the capacitors ave initially uncharged. ons 
Since the voltage across Cc’ camel change abruytly, V 
then Uo starts at zero. In the steady state 
there cav be no current through C ov c’. Hence, 
i dvops to <ero, the current through R’ becomes xero and Vo falls 
fo zero. Thus, Vo starts at zero, increases to some Kinite value 
aud «then drops to <ero. 


ee + + 

b) V= iR+ Sidt or O=RGi+ Pe Whe Weed Ca Vs JRC singe iy ot 
t=O, Because oo the virtual ground , R' ana C’ are in yorallel with 
No across them. Hence, -i= Yea f dive =-YeE/RC the solution is of the 


a i ‘ R 
form. VUso= Kie VRC AK, evr , but smce alt t=O, Vo=O , then K=-kKz 
aud VUo= K, ( eVRe_ e/Rc’) To Sind Ki, substitute inte the differential 


equation : th sYec(Ki _ Kit!) _ Stee’ (ki wc’) -N gt/RC 
: us, 2 (S 3 e (= ics = 2 
La sy KC a LN w R'CV 7 ey 
sa rae i oy K\= coe provided that R’c’+ RC 
y RRC ( ba 
17-42 C R R’ 
Tf the input at terminal 1 is oy 


ou and at 5 sinwt, then the > 


output at 4 is -0.5y-O.lsinwt. Integrator E j 

’ ‘ \ RC =) 5 R’=O5R, 
But from the given equation this svat et 
equals dU. Hence, terminals 4.and | must be conmected tegether. The 
solution, VG); is taken from terminal 3. 


dt 
4 
1 Adder 


be written in the form: -Y =xX+2Y —44+4+2y which may be set up 
using operational amplifiers as follows: 
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(Contd) = ee 


c 
“5M BS +Y 
R 


° X(t) 
RC=|. Switches S Open at t=0. 


(1-44) See circuit 


b) Evaluating Vo as the product of the 
short-circuit current times the impedance 


between the output terminals, we have 
Moy AvVi 
V5 ee eo 


aise Zz! Zot! 
x Viz, (4+ 22) eal) Viet 2, (eF)( 2) = Ay(Z* ae \( Ze 
mgr UF nef Zot 2! Nie mer Zazo Zoz! 
C) From b i Nofpe ee eo etos st _ A, 22 2/Av oy ee Sr 
m b we have a = Zag where A= Ay ZltzZe and Z, Zo+Z! 
d) Evaluating Vi as theo product of the short-circuit currernit times +he impedomee 
belween the inyut terminals, we have: 
V. Vo ' 
Vis 2 o: es Nee _ From the equations defining A and Zo, 
AS aye z+ 
Fa Zz’ 
t 
Vez Ate y. =/A Za Z'Vs aoe Vs V (\-A Zee _ NE Ae ee 
ee. 4 ( Zh, ) ( Z+Z’ =<) or ° ZitZ£o Z+z! Z.4%6 Zrz! 
eelee. Azize bs AZZ. z Ag ee eee 
OT Ve (a Bs)E+z) ABE, Bi(Ese-AZA 2) (Z2-AR) H+ CE ~ Za Zoe 
Az’ 12 2 eaten f dh e 
Ave = ooo which agrees with Eq. (I7-56) . 
Z+Z'-AZ AG a) ye Mana 
i) Zo (242 me ois QED 
Gd hot Ne ae me mae Ca 


Assume thot Bt 


where esta = Fecal where a= fi/¢ . Thus, 
At a given frequency , «* is aA con 


s independent of frequency . At low frequencies, AiB = rail G 

G-jxG= 1. 
stant and G is a vector in the complex plane. 
This equation states that +o vector G we must add another vector which 
lags G by 90° (because of the factor —j) and that their sum is the tec Waa 
this interpretation locates the end point P of Vector G on ; 
asemitircle as shown: Inthe midband Yegion $>>f, and ao, = 
sothat iG->l J As fo) cae esa Gon” 


. SEES ay proaches 
zero along the +4-axis. these two extremes 


ore consistent with 
the semiciycular plot - Note that F=f, means that n=l and G—jq=l and this 
locates the lower 3AB fro 


quency half way around the top semicircle as shown. 
Starting with the equation of gain at hi 
above we obtain the low 


gh frequencies and proceeding a; 
er half o& the circle aAiagram. ¥5 
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\. --3°G 


(7-46) a) The loop gain must be less than unity when the overall phase shift is 


JZ0° or when the phase shift yer stage is co”. At high f requenctes, 
=% = tan60° = ud = ORS y= Seth = 

tan8 Ley V3 a Az [+7] If (1 4 3)/2 a 

The three- stage Gain is (Ae 3 = ae aud *he \soyv gain ot this Frequency 

which causes 180° overall phase shift is BAe 41 . Hence, the midband 


loop gain BAS must not exceed $. 
b) | Acl= Fue R i exio*/ (4 t 30 vs eae "50> = 49.6 Rios Pmax'’9 = aps 


ne ns) Se ee 
or (R,) an (49.6)? = 67 & 


Let X= ma - Then, using mesh snalysis , we have: 
Vi = 1,0R-jx)-LR + I, (0) 


0 = -I,R+1,(2R-jX)-1LR 
Oo= WO) -I,R +1,(2R-jX) ; T, is found from Tye As/A where a=%= Jie 
Ww 
Rap OS 1°) \-jax Le) 
2 , 3 
pee BRIX AR | eR) md hi oy = R [(1=joe (2-jae— 1-j 0) - (2-fo6)] = R* [1-50 j (CE 6a] 
0 —K” 2e°\ x 9 1 2-\0 
R-jX —-R Vi a 
= ~R 2R-jX 1@) = - - ; = As = ee SFA 2 
As 4 fe ; = Ni oi A RE Li Fox?®-+j (K>— Gor) | 
mS C4 No = iI3R = pandas cee er oe ‘= ’ (\7- 64 ) 
va ‘ - modo = che, =+ aa 
For \%0 phase shift of-~6x% =0 cr a*=6 and B= -5a® 1-30 39 


a) From the 


mesh equations derived in Prob. I-47 y= & where 
© 


VeoweR 
Ay=}o 2r-ix -R | =\j [(2R-ix)*=R*] = ViR* (3-07-] 40) 
) —-R 2R-)x 
ye Vi EVA © pep te SexZHj HE Gx) QED 
Mae Te A a! 3-O?—j 40 
f od 1}- 5X6 +)(OVE-6VE)] _ “2g ad ae a 
b) For acvé , Zj ine eaporaaes pa? | =R STEPS Oe R (0.83-j2-7) ED 


(7-49) a) Since the gain must exceed 29, a tube with W<29 camnct be used. 


Thus , the 6CG7T and I2AV7 cannot be used. 


b) \A\ = ae = 29 or Rp= site . For example : for a IZATT, W=55 and y=5.5k 
P 


W=29 - Rp= 29¥5:Sk = GIZk 
Saluda SEY gra or RC=1/(2nx5xioNG@ ) = 12 aaa 
uF RC | 


A) Tn order not to load down the amplifier, the input impedance of the phase 
ditt network must be high compared 4o the output Impedance of the 
owylitier. If R is chosen too large showever, © will be tmpractically small. 
e.g. if RelM , C=12.9 pF which is of the same order of magnitude as 


: the advantage of using 
( citance. This argument shows ge i 
me? sets: parece plate resistance such as the \2AT7. 


¢) a= 
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(7-49) (Covi’'d) If we choose this tube, the awmylifier output \mpedauce is Ye Ry 


Yp+R 
lls 
— ZSKXOI2ZK __ZqK . If we choose R Yo be, say, Io Kmes this value 

5.5K+ 612K 


ov 30K, then the loading of the phase swift network will be negligilde. 
then C= 12-4XIS° | Ago pr 


ax10* 
(7-50) a) Let X= We 


: Then Vi =k (R-j%) -T. (-\X) 
0O= -j, (-}X) + 12 (R-)2%) 
l= (Bo2*)1, = (2+j£ YI, so V:= TRG 2+iR)+ 5X] 
=i. L3aR+i(& =%) 
\ 


abe —— = —— — 


aR = em * SR QED 
Vin weV; aRai(E-x) 3+j(R-S B+j(WRO— See 
b) For zero yhase shift , (wRC- +)=0 


e — \ 
wRC er KSRCE |) aaa 2m RC 
Since = B= ve = et aud |Apl>1 , then A>ds 


QED 


(7-51) gy Using voltage division, we have Ve= R&I) \ Z —jRX% 

; ¢  (R~jx) R-jx+ REX = ne R*-jZRX-X*-] RX 
= = ——_ a 
34j(B- 3) 3+4j(wRC- 350) 

b) At the frequency ot which B is real , B>4 - 
Since A 7 \, then Av? must be positive. 
Hence , a +wo stage amplifier is necessary. 

‘ ey pak Lan mie ee ae 

c) For tero phase shift , wRC Ree es f Bae) 

d) From yvart & , Amin = 3 


Using mesh analysis and jetting Need , we have: Viz LUR-\X)-1.R 


O = -LR+1,(2R-jX) 
Ie ’ 2 
= pe 


o Vi= 1, | B-boeR in) -R\ = 


Mid Ne = ILR = 


| Xx 
an RTS 


aROT fe 

In order 40 have a phase shift of 1BO® | tan = tan\80°=0 = a Hence, 
either A=O or K=cc. Tf “K=O , then No =+\ and the phase Battie 0° mel 
nct 180°. Note that azo requires either R=00 or C=c0e , which means that 
the output is connected Aivectly to the input : On the other hand, iL x= 00, 
then ¥=0 and this would require an amplifier with infinite gain. Note that 


K= ce means etther that t=o° (the output separated from the ny ut by an 
infinite impedomce) or R=O Che output short - circuited) so the atenua— 


ton is infinite. 


oe weve ce 
1— 2 —}3QK 


(1-53) a) this network would be identical with that of Prob. 17-47 if R omd (-}X) 


were interchanged. Herice the solution may be Ahained from Prob. 17-47 by 
replacing a =< = 1 yi Boe Beet = 


= wRC . Let y= wRC . Then, we 
(jX) -*x 
must replace « by -x. 
Oech al setteene RA 0 pg ideo 
° Ve " 1— 5 x? +} (XF-6ax) - T= 582 +5 (68-43) where ¥ wR <j-—— 
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(7-53) (Cont’A) b) The solution is cbtained by replacing a by -x and R 


by ¢)X) in Prob. 17-43. Baipeleork sn I 15x? +5 (6-53) 7 chore Y= WRC 
- | 


3B-X¥7 +) 4 
¢) For 6 real, by-¥*= 0 or ¥7=6 = wiR*C? i ah Ve 
os i No = \ SS ] i 2TRC 
aye i SKE Ame ee listens Aloe — 


(7-54) Iy the equivalent eivcuit shown Z; 


is gwen iw Prob i7-48, 4 

ape 1-502 +) (03-60) ‘weaglec 
ee Ri _ 3 =P - 5400 where she 7 f Using Eg.(17-64), OAVg 
oF PN where Vi= Et AV and 


ake 60x) P 1-5? + | (K_ &d 


: a . id i : 

a pS : Bet Be Ge ot + ooO - Substincting, we get 
bah da are ~ a5 0t4 Baa @ OCA) nao Nhs M aida wes 

At this frequency , “7 ts negative and exceeds unity | if i 

A= —-| +5a%— Ke (3-07) = -1+5(6+ 4&2) - Ke(3-¢- 4%) = 20% 23 Re + 4(Re)" 


QED 


(79) a) Consider the phase shift achwork redrawn os pene! yee Toy 
shown. Then, from Ea. (17-64) we see that “fe 
2 ; 
aot X= 6 dae the phase shift of e is 
eee or) Vo.= eer at - Applying KVL around a4 
the outside loop , we have: Vo=-Vo+Vi =sMi +Vi 


Vo = = 39. w= 
oY Vi 39 + | ae B q 
b) From part ne Oe Ce ee es 
. 2mRCV6 Me 
ec) For oscillations +o occur — BA>! or A> ike 0.967 . es 


B: Re oC Cc eo 


17-56 Fig. |7-40b with Norton's current generator 
Yeplaced by a Thevenin's voltage generator 
is indicated. Let Stat Ferd - Then, the mesh 


Pe = sy im Mite ly Rem dal Rot 2 3%). - La Rt Ta (0) = 
(2) ie) = -ILR + 1,(2R-jX) - Ink 
G) 10) = 1, (0) -12R +1, (2R-jX) ) Let Oo = 4S = ar. and k= Re 


Then (3) becomes, Ia= 13(2-jx) and @) becomes, I1,= I3(3-x?-) 40) 
Substituting +he expressions of I, and Tz in ) and Simplifying » we set. 
—\tel,k = Ts41 + 3K—6 +k) x7— j] (644k) x~ 07 ]} 

The \ooy current gain is 1s/I, and if this ts to be real,then the 


: ; \ 
coefticient of 3} must be zero or Gh =64+4k = Teprecz 


1 = Mader win COTE of GV eat 
hus, ¢ = Q i 
thi Ib = ioe oy ° CaS 4 2 h 4k+234* > 
At \sS frequency ) Ts —)y j (4k 23k+29) ) For I >\ \ n 527 K 
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(1-57) If Vq is the voltage ayplied to the grid with the 
jransformer secondary NOT connected (lead GG 
oven), then the loop galu = Me where \lz=—-jwMI1 
= cashed . If Zis the imyedance of C in parallel 


Y+jw 
with (y+jwl), then V= -MYaz _ _ ~ V9 (r+ jush) 
gr vy + jwol+ jwryl [+ job ail 
. Ne -jwMVy, jYwM me poet 
Vz ~ (}WL)Vg V—w'ypLC+¥p + j (wlL+ rpc) w(L+rc) +5 (Fpl =p =) 
; i i ‘e aay rv 
In order aor he \oop gan to equal unity > w rpLc chs As =e ex Ws vA pe % 
wo = | M-L =yrC = yrC __ aan 
ond o(Layprc or \- ") =i or Gh yM= 


(17-58) ay Ifa signal causes the potential at G, to increase, then the source will 
follow this increase. Since the gate <f Q2 is Grounded , then a voltage 
increase at Si will couse Dz to rise. Part of this increase in voltage is 
fed back +o G,. Hence, there will be zero phrase shift around the \ooy provided 
that none is introduced by the reackive clements. At series resonance, the 
phase shit is ero and the oscillartor frequency is given by 


\ 
= KV’ 20 (25x102%167) 2 = 3130 He 


b) We may neglect the loading of 1M on Rii\oox. : Sia 
Et Ma Sis ‘9 Gr ; then *he equivalent V ~ Tov ae Vat+Ra_ 144K 
tircuit seen looking into each source is shown, Mt 71 as ae 
The parallel combination of 3k and YatRd - 203K is = =2.03K 


pri 
Be hcg 1:29 = (Zov)( 421K _)\(1_) - 0.32 
3:03 e Then, ee }( areseae aly 2.05%) pe 


But loop gain = aS = O32R >, - Rwmin = B1ZK 


(7-5) ay Using the same argument as in Prob. 17-5ga , we conclude that the frequency 
at which the circuit will ascillate , if at all, is that Cor which Z becomes 
vesistive. At parallel resonance , Z=R and SE 

b)Under the given assumptions about Rg Re and Ch, 
the equivalent circuit seen looking at both cathodes 
is as shown. The voltage aot G is Iz=IR at 


Yesonance. The voltage at G is V. Hence, the loop 
gain is IR where we MAN Uae = _pv_ 

V MH Zr +R 2yptR 
Thus, loop gain = MR ss) 


fo as = 2 Zip 2 
Be 21 or WR 2 Ray Ra” BF = B= Z hyon 
GED 
The phase shitt =round the cieuty will be wero, if Z is real. But Z is given by: 
= AY jb) Ci/jwe) _ Mine hut = jr) Lire j (wh = wey] 
i= Cet ER Gera) =— = ue ve ae : Setting the imaginary part of Z 
L = 
equal lo zero, we have: wt sl oe ele or Tip sets +V¥*=0 
: eg Ae <5e § 
Bie OS eles A ; uF QED 
They. | sie Wek =v WL ie) peace, Ue evoke CL ca es ee to ee 
v2 + (WL '/we)* rea (ws) V2? C* + (WLC -1) a 
Ww y Yr cf 
ital hii Rebate gua CLommeuC mrt Gagon tc 


the rest of the solution is aiven m Prob. 59G c-heren woe Found PR/(2rp4R) > |.Sinee 
3 Z2prc . 


Ye= ¥/Gm , then pR= a or (San) min = SoH Fe ee UA=1) bs QED 
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Fe a ee ee ee ee ee ee ee 


Zix Zz (Z\+%3) 


(7-6l) Method I | If the load impedance is considered as Z, \l(zZ,4+Zs5) , then 
Zr z.tz, ° en, the gain without FB is A--MZe = 


and —% = eee “ ~@6A= bi er PR Ze WF ae Yar Zu  YaAlAZy+2er%s)+2Z2 (2,42) 
Zité3 Ya(Z,+22+Z3)+ Z.(Z Zs) 
Method TI . 


Apply a voltage Vgs between the gate and source and solve or Vgs as 
outlined in Ahe text. From EG. (\7-70b) ; 


hel St ttta - Then, €q. (17-704) 
becomes: Vas = -T, (va+Z,)4+3,22 = T2)> (Va+Z2) Cetzattn) + Zz) 
i¢ 
= I, \-( 4) (2+ 22+22)-2.-2,] De —BA= Vo's . I2?7)1 a ; —Mdé.22 
Vas Vas Va (2,4 224+%3)+Z2( Zit Zs) 
. 
at) From Ea. (17-69) we SBA a M eo ee 
g ) obtain . —BA rae ts By BS - Now Pak peels : 
1. = fy Cc 4 s a 2 ' Z\ Zz Z\ 
Zz. 2=jwC, an Zz =V+jwhs 


PAS Creates air wl FOG) Hata pgwey ~ Tip oF Lg CET aaa 
In order for —BA to be veal | wiLarpliCa=rp(Ccajtrc, .. Wet G, Pee) QED 
WPA Saar Gane) 7 | . Since Y= Se » the minimum gy. is given by 
pt! = wesc, + Bev Cts) , Assuming shat eee | , 30 x*hat wet eae : 
pt = (EE (Lact Eric.) = el + (cece) (457) Ro) ee be ne Ca (Ct Ca) QED 


wm 


Ls(C2-C,) 
(7-63) a) The output impedance lbetween plate and cathode is Ro=ry+ (MR. Hence, 


Eq. (\7-69) must be modified by replacing Yp by Ro. Since Zi=n+jwhr , 
ZrnYatjiwhr and 25=-j/wl . Then, Eq. (\7-69) becomes. 
-BA= ~W(Y + jwhid(¥2 +jwle2) 


: » © nity \oo ain 
Ro (i+ july 4 V2.4 jwl2—j wl )+ (ig +m +jwli-J/we) Pe es aco 
Ro (y+) + j [Row (Lit) ~ Re} + (p+) [rive -Wibila +jw(ylitrbi| -j¥a/we* La/e Lote 
the imaginary terms must add to zero, or W)Ro(Lith2) 4 (pt) ((LteL)|= ca a 


W)* = { A Bas ; 
= i (yika+¥eLi) (4! 
Note ay 1 if - 2 C(L, Ash Re (Li 4+L2) 
ar tr MeW=BO, WC(Lilay=1 which checks with Eq. (I1-72) 


b) the loop gain equation is now: Ro (i+rs)4 (pan (nn-wLLij+b./¢ =o 


<-— 


For small values of K andy, , we may neglect Kr tompared with uF Li Le 
and Ro(4+¥2) ~ (maw bili-LbLe/e = (pa) 


Libs a Les = (MEL .—L2 be 
C 
Since Ro= Yp*+(B*ORK , khen CCl) 


C(L,+L2) 
a Be \ wy and wy 
Re = psy [iC (L442) vp | FOE SMe 7 A 


<j-—- 
64) $ ‘e . ‘ 
C® The circuit specifiod is as shown: Note that this is equivalent ¢ (=) 
to the tuned -yplate oscillator of Fig. 17-4la with r=o. Hence, 
from Eq. ('7-67) »w*s '/L,C3 i hh sy 
A second approach is +> ide a voltage Vgk betwoen @3kK & M =3 
with G-G' open. Then, Vo = Et Vox where Zire (Gwl)rse = But le— Vo—>| 
: M z i Yp+ 2. ) = 
Vo'K = TVe A loop gain = Yat -—- M | 


—'___. Foy zevo phase shift Ye must be real. 
aK en Ie ; 
Hence, Lz and Cy must be in parallel resonance and w=!/12Cs q 
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5 (wlet/we el fe) sen lute EC EU WC) 2 ial ale 2 Jodo ge 
Be) eee se = ae trae Con irc ot wine) ee, Sa 
wp = (4+ 2) ! QED 
| 
b) We (4+ d)/Gel]* = (14 S)* = 1445+. 
c)If C+ 004 pF and C'=2 pF , then 4 £,x100% = 4 LOE x100 = 1%, <—- 
IF 66 aaa kay pee lo!? \ 
CHa) f. Sra IC DeeESEAT | uct Ne . 
= Cc \/ y 
b) fe/f,= (1+ ah *=(\ + oat Sao h. O33 Lye. fy exceeds f§, by 315396 <—- 
Q = Ws = = bs Tad 0.33 ‘ 
R "RV % * sau lonexao'2) = 410 apes 
CHAPTER 12 


CoVay) Eq. (18-6) with x= XK cosut +Xacosust becomes: iy= GiX + Geox? 

= GX, Cosw,t +GiX,cosw,t+G.x?coswt 4 GeX2Coswet +2G2XKi%2 coswt eoswt 
Note that since Zcos’x = 1+ cos2a aud 2tosx%cos@ = cos(X-B)+ cos (+B) , 
then ly contains terms whose frequencies are w, ;Wa, 2W, ,2U9, WW, B WW, 

b) Assume that ty contains the term Gsx3= Gy(XPeostiot 43x'%s Coguat Cosust + 
ay 3XXe Cosw,t cos’wt ~*~ Ke Cos wet ) - Now, since Actos? = 00s3K+4 3Ccos~H and 
Acos a cosB = 2(1+ cosZ2M) Cosh = ZcosB + Zcosza COSB = 2cOSB+ COs(Z2ZAH+P)+ Cos(2x-F) , 
then, by contains (in addition 4o those frequencies in part a) + 3w,, dur, 


Z2W,tW2 and Z2W,EW,. 
If iy also cortains x*, then it will comtain terms of the form: 


eos*w,t (giving rise to Aw, ), coswitcosw.t (giving rise to 3,42) , 
Cos wt cos’w,t (giving rise to 2w,+Zwi), <tc. 


(8-2) ay) From @ \oad line through Up= 300V Tipe Onlin. Aloaae lp= 350% =I5OwA 
we find : Tnax= 77 mA , 1¥=43 mA, Imn=!5 mA . Then using +the 3 point 
schedule, we have: Eq. (18-12) : By=(Imox—-Tmin)/2 = (77- 15)/2 = 3) mA 
Eq. (18-13): Ba = Bo = (Imax + Imin - 214)/4 = (77415 -86)/4 = 1.5 mA 
Hence, the fundamental output current is 3\/vz = 22 mA rms q— 

b) Dz = (B2/B,) x 100% = (1-5/3) xt00% = 4.3% q 

ce) ly + Bo = 4341-5 = 44.5 mA Giae 

Note: If a 5-point schedule is used, Iy= 6! mA and Iy=27mA , we 
Sind: B,=32 wA , Bozb5S mA and Beo=l-7 wA. 


(18-3) a) From Table 7-1, p=20 and y= 77k . Thus, for a gain of 10=IAl= oe 


= 20R./(7.74R.) or RL=7-7K <— 
b) Va=-6V F< 3 a 
¢) From a L.L. corresponding to RLZ7-7K and Vepp=240V on Fig. D-2 , we 


|4% 


(18-3) (Corit’d) find Ip= 6.5 mA 

A) Tmox= 15.4 mA , Tp 6-5mA , Tmt \ mA 2. Bye b(Imax-Tmin) = 4 (154-1) = 7-20 
Bo = 5 Umax + Imin—2 Ip) = £(15.4 +1-13) = 0.85 mA. Hence, Dr = 0-85x100%_ 11.5.9, 
e) Fundamental voltage gai, = BRe - iG 


3 as: Me 
If we assume that the grid draws no current, then the input power 
is tero aud the power gain is thus infinite. 


(8-4) B.=34-31=3mA=B. , pe BIR 
2 


Hence, Da = & (100%) 


mex7g ie: 
X71 = 9.25 


or Sy = 


anes KI? (mA)~ “. B,=Z0.6mA 
= 200% = \4.6 % 


From Eq. (18-15) , y= GiX + Gax™ + Gar? + Qari 4 6. = GX SiNKs GX Sina + 


dhe li i De 
+ GsXu Sin’ + Gq Xu, Sin +... - Since Zsin*K% = 1— CosZM, 


Asin'x = Zsink—-sin3a, Bsin% = Cos4M% - Acos2a +3 , etc. then, it follows 
that ly contains odd sine terms and even cosine terms. 


(8-6) From Eqs. (18-16) and (18-17), we have: Tmaye Ty + Bot Bi4 B+ Bat By 


er * Set Bi 8. - By -1 Be (2) T, = ly +Bo- Ba+ By (3) 
Is =1, +6--46,-4B.+B, -3B34 ©) Twine ly+ Bo - 8B, * B.-B3+Bq (5) 


From WN) and (6) we get:  Taoay + Twine Z21y +2 B+ 262 + 284 CS) 


(7) 


Rees ti lmta ZO j= 4B, re B. = 1b (Inaxt win 2 Ty) <}+— 
From, Gy aud (4): Ly + Tey = 21y+28s+8.- Ba 


deca Twin +211 + Ly j= 61, +68. 


Prony, Bo-Pi4 64 = 0 
Hence, from (6) aud (7) : 


(8) . Then, from &) and (8), 


Bozt(Tmoay*> min +21, +211)- ly <+— 
From (7) ) B45 Ba - Be se ia (Timon — 41: + 6ly So Al. + LTmin ) 


From (0) and (5): Imax —Imin = 2B,+2Bs (9). From @) ond 4): Ty -T-y = B,-Z2B, 0) 
Adding Q) and lio) » we get 4 Bat ( Tmax +Ty “Ta aes Eh \ 
From 9) and Wo) : Imax ~ Imin~ 2(14 -1-3) = 6B; o¥ Bs= L-(Imox- 21, +211 —Twin) 


ty [imex|[ lever] ly [loa] Imm] Substtuling these values into Eq. (18-16) , we 
edo | 45°) Fo] 135°] igor) 9 si, i 


have: 
ee sing © BoB, 1S. +s + Bq ©) 11) 
ly =Iy +Be —-B2 + Ba 3) 
Imin = ly + Bo — B, +B2-B3 + Ba 8) 
From (1) and (5),we cbtain. 
From (3). Bo- B2+ Bsa = O 


lone7 = Ty + Bo +0.7078, -—9.707 B,- Be (2) 
Jiot07= Ty + Bo — 0.707 B,+0.707 Bs -B4 (4) 


Twax+t Imin = 2 Ty * Z2B.+ 282+ 284 (6) 
(7) From (6) and (7) + Imaxt Imim—Z)]y = 4Bz 


“ Bret (Tmax tlw 21 + 
From (2) and @) : Toso7t Loo= 2 (y+ Be-Ba) (3) re ee at cb 
If we double (7) and add +o. &): Vwaxt Imin = 21y + 4Bot+ 4 Ba 


(9) 
Tt we double 1g) aud add to 9) : 


lina + Alchak Zle1077* Imin = 6ly + BBo 
“ Bot + Umax* 216.101 - Oly + Zh oacit Tin] : 


Then, from (7), By=B2-Bo = t(Imac-Zlor + 21y - 21-0107 + Tin) a 
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(18-7) (Contd) From () and 1) : Tmax - Imn= Z25.4+ 2683 (\0) 


From (2) and (4) 
Tono7 ener = 1.4146 ic (-414 B; 


or 1.414 T9507 — 1.414 Wsse9 = Zou 23> 


Qv) 
Adding (oy) and 1) ,) we get : B= x (Tmax WaT oo —1.4147_o3577 Tmin) a 
Subtracting WI) from Qo) : 


Ba = 2 (Trex — 1414 To.p07 + 1-414 Tost lwin) 
(18-8) 14 nz =turns ratio, then the impedance reflected 


a BE hes 
into the Yrimary is Re aud the equivalent eircuit me” 3s U 
is as shown. Then, the gain is A=-¥z ~ nu 


j— 


‘ my Ri /n2 at 
Vv Va  YytRi/ni 
RL/y, nps 3 9 ig 
A nN? +RL/y, nNz+02 ere -/Yp 


For A maximum wrt n , AA Zig) WS mt+9—-2n? Oa ze 
ys an (n?48)2 
Hence, Aman = —>—s—* £ps? oe lyn 


(8-9) Under the specified conditions, we olbbtain from Fig. 18-5 


Laeax= -30 ™ A ’ 


ler = -20.5 mA, Teo = 
Vewmoee lel? A 


-\5mA ) Is-1 = -\0.5 mA, Temin=—6-7mA 


Tes =-)4A , Ico -\-l A , Te-p =- OBA » Lemim=—0:93A 
Then , from Eqs. (1g-16), we howe. 


a) B= —4(1-77+1.4-0.8 - 0.53) =-0.613A 


? 


oe 

b) Ba =. £77 = 2 + 0.53) = -09.025 A ) Bat = + (1-71-2.841.6 - 0.53) =-6.67mA 
Ba = ~p5(1-77-5.6 + 6.6-3.2 + 0.53) =- 8.32 mA | 
ee Sige 
wag = 7 Ay oor) = 4.07% ) Da= aE = 1.09% and Dy= So- 21-36% <— | 


6\3 | 
¢) From Eq. (8-21), P=(I4+D9R where P=SBERL= 4 (0.613) (10) = 1-38 W | 


and Dt=DE+DF4+DZ = 16.54 1.1941.85 =19,54x10% ~ 0.002 | 


Hence, P= (1-002)(}-88) = 1.89 W 
d) Bot 


<-— 
— (7742.8 41-640.53) 41.1 =- 15 wA 


Fa Woes 
For Ru = 202. , we obtain from Fig. \S-5: 


Tamox = —30mA , Tpit = -20.5~mA , Teo=-!5mA . Teo-k =-10.5 mA , Temn=- 6-5mA 
Te max =-\.45 A, Tet = -).39 A ; Ico= -\1A > Te-4 = -0.83A 


Then , Using Eqs. (18-18) , we have: ’ 
ace 40.45 41-35 -0.83 -0.56) = -0-47A , Br=-3(1.45-2.2+0.56) =-47.5 ™ 


B,= -4 (\.45 -2.7 + \.66-0.56) = -29 mA, Baa rn? Eee a ee 
am es \) = \,. 

Thus, D2 = mae (100%) =10.\% ; Da= 22 00%) = 9.32% ; yes (\00%) = 1.95 %o 

and De (10.174 5.327+1-954)2 = 1.5% 5 R=$(0-47°@o) = 2.21W 


Honce , P= (i+D*)P, = (14+ 0.0134) (2.21) = 2.24. N 


» lemin= -0.56 A 


— 
<j-— 
(8-1) ay RU=52 . Then, Bi=4(Iwax tty Tey —Twin ) > -4 (1-92 +1.43-0.78-0.51)=-0.686A 
Hence, Py= $BER = 4 (0.686)*(5) = 2.5% 0-47 = 1.18 W <}— 

b) Ru=302.. then, B,= 4 (1.33 +1-31-0-86 - 0.59) = -0.396A 
aud P= £(0-396)?(30) = (15)(0.157) = 2.39 WN —— 
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Riz 102 : Tpmax=— 30™A ’ Igy =-22.9mA , Ig=-)9mA, Is-1 =-7-9mA , Jemin= 2 
Temax=—\17A » Leh =-1-49A , Teo=-tlA , Ic-1 =-0.6A » Temin=-0.08A 


a) B,=-4£(1-71+1.49-0.6-0.08)= -0.864 ar 
b) Br= ~10-77-2.2 +0.08) =+37-5 mA, Ba= ~ £(1-77-2.9841.2— 0.08) = +15 mA 
Bg =~ (\-77-5.96 + 6.6 —2.4+0.08)=-7.5 mA 9. Daz oie (\0.0%) = 10.2 Yo 
Ds= ses eee) =).75% , ey eae (100%) = 0.87% <-— 


oe) Then, D= (103.5 +3.05+0.75)% = (107.39% =10.35% , P, =4 (0.%6)"(0)=3.7 
Hence , P= ().91)(3-7) = 3.74W 


<b-— 
da) Bo= -4(1-774+ 299 41.24 0.08)+1.1 = 49 
(18-13) a) We have , Pal Vm = 4% =5W_.. Rus Yee = #22 = 400. = Re 
- L 
Ere eee aur 
ieee : = Nee "18 and N= FS pi nein 
b) P= 5 Lm Ri OY Ne = a. - ax) = x 1 eee O5A ——— 
= 
¢) Tez Levy =O.5A ana Vee =WNee = 2.0 V <-+—- 
A pW nS a 
MopeGe i= os 50% o— 


18-14, Ip = so = a = 40 wA. For this current and Vp =250v ,we find Vg=-20V 


Hence, the grid swings from O to ~20V to ~40V. From load lines drawn 

through the @-point we find: 

a) RL=3K + Imaxe 79 mA, Imin= I4mA - Bret (Tmaxm Ton) = 3(79-14)= 30.5 mA 
Ba = 4 (Imax+Imin —21y)=4 (17 +14 —80) = 2.25 wA then, Da= 2:25 = 7.4% q— 
and P= LB = $(50.5x15*)* (3000) = 1.40 W ee 


! : 
b) RL=7K 0s Imax=57™A, Imin= 28mA ~. BEL(ST-28) =14-5 wA |, 
B= (97 +28 — 80) = 1.25 mA . Then, D, = 125 = 3.6% and P= 3(14.5 NOVTKIG)= 014W 
14-5 


(18-15) 3) From Fig. D-7 and a |ood line passing through Vp=300V, Tp=O and Vp= Oo, 
Tp=T5 mA , we find | Vax = 295V, y= 225V , Venin = 1OOV 5 Twoa™ 50, H=18 Twine bol 
Then, By= 4, (Imax-Tmin)= 4 (50-1) =24-7™A ; B,=Bo= 4 (5041-36) =3.715 mA 
Hence ny P = 4 (B7RL = = (24.5210 7) (4000) =\.2/W } D2* 3715 (100%) =\5% 4 


Since D=Ds , thon P= W+D) PR = W.0225)l-2) = 1.23 sa 
= ee ap OE Se ea ee 
From Eq. (18-28), = VeoUips 5 \S100%) eee eetan S/o pth 


b) If we draw a 4K LAL. through the quiescent point : Vp=300V, Vq=-22-5V , 
We Lind : Tmax = 46 wA ¥ Ty=62mA and Tmin = 32 mA; 
Thus, B= (96-32) = 32 mA , Baz Bex 4 (96432-1249) = Iw 
Daz sz (100%) = 3.1% 31 Rh=t(32%10%)* (4000) =2.05W=P since Da). 


Then, = 2:05 = 10.3% Jae 
Ic Te 


BO00XG3 KIO 2 
R=Veele Foe Vele [atic 


(Ie+ILm) Le ie 
ie) Ve Vee Vee ) Vee Uce ) Ve Vee Uce 


ISI 


(18-16) (Cont? d) b) Pi=Veele as in a. 5 PL=(Vec-VeJIe asin at. ; 


i Eels 
P=Vil\e= = Vem lem = Shaded triangle shown , since Vem and Tew ie 
are the voltage aud current swings, respectively, im going Ve 
from Ig to IgtIpn OF from Teg to Te-Iem 3 Po=VeILe-P 


r. _ tVemTem — _Shaded triangle in b i 
ou = % NCL "largest vectavgle ins 
F) With or without signol )Po=Veele . The yower \oss inthe dc Ic 
vesistance, R,, is IZR, = (Vee-Ve) Te . With no signal Pp=Vele as 
In part a- With Signal, P=VemIem = shaded triangle asin © Ve Vee Vee 


port b. Py=Vele- P = rectangle =triangle as in b . 

Note thot since Vee for the shunt-fed-lead case is much smoller tham for the 
series-fed-load case, then the rectangle VecTc =% is smaller in the former 
case and my is thus larger. 


(18-17) g) For zero second harmonic aistortion > Imax= 234 ~ Twin = 2(12)- V5 = 129 mA 


Corves onding to this Imax we finud Vmin =35 V Sor VqzO. Kence, 
L= p-Vmin = 250-35 _ 28 = 3.3K 


T, 7 

max Ly 129-72 

b)A 2.5K load line is drown Xnrough the Q-yoint » Vp=250V, Vaz -l4V, Ly=72mA 
in Fig. 7-15. We then obtain. Imax= I5TwA, 1Z20I7, y= 72, Ty 40 and TwinelS 
Using Eqs. (18-12) we get. B=TZmA and Bas-2™A +. Dy=Z Woo’) =2.840 — 


a)For tero second harmonic distortion, Tmax=21+-Tmin = 2(65)- 10 = 120 mA 
Corresponding Lo Twax=IZOmA and Ve=0 ,we Find Vwin= 36V 


Heuce, RL=ZeS-F& = 32K do 
IZ0- 65 


b) For & 3K LL and Vea=-30V , we find Vmay® B7OV - Then from Eq. (18-5) , 


= a (Vax —Vnin) (Imax Twin) =4(3T0- 36) (I20-10) x10 * = 4-6\N = 
t) From Eq. (18-26), Pp=Vy Ly - Wy = 200%0.005 - 4.6 = 8.4W ri recmome 
d)From Eq. (16-29), tz cecrnone =a5 Ay. py be 


A load line is drawn through the @point : Vp=250V, Ip=7Z “A amd Va=-l4V on 
Fig. 7-15, We road: Tmax for Vez=o , Ty for Vae-7V, Iy=Ip for Vat-I4V, 1-4 for 
Vat-2WV aud Twin for Va=-28V. Then we use Eqs. (IE-18), (18-19) | (IZ-20) & (\S-21). 


pies ieee apa Ta te ie eee | aa a ee ae eee 
ik 
4 


cal jiz0 | 72 | 38 [15 | 85 | 12.1 [-0.25/-0.62/ 147 | 0.3 [0.75 13.3W] 
K 1925 | Oa 7 2: 39.4) 155 | Got] =t |-9.3) See eos eee 


(18-20) a) With x,=XuCoswt and X= -K,,coswt substiuted iw Let let x4. Xan Kee 
we obtain. iL=K(ic,-ic,) = K] Tc+aiXmeoswt + AaXmeos*vot +3 X32, coPusts --. 
—(Te- Ai Xmtoswst 4 ota Xi costust — cts Ker Costust +--+] = 2K (Ch Xm Cosust +5X2, cosuste...) 
This series contains only odd powers of coswt. Since (coswt)” with n 


odd may be expressed as a suw of lLerms containing cos pust where » 
is odd, then i contains only odd cosine terms. 


b) ahs collector Bea Current is (te,+ tea)= 2(Ie+ A2X%m costust 4+ha Xin cov'wt ++) 
Since (coswt) with N VCH moy be expressed as — Sum of terms 


comtaining eospuwt with y even, then, (laticz) contains Ic and 
even harmonics . 
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eee SR Gp RO ieee emt 


a 


ob * iced 


ee 


We haves b= k(i-i2) . From Eq. (18-34), iatust) = i (wt +1). ~ iwot)-kli tut) iste] 
Then | ust +m) = kfijwt +m) — i, (wt+27)] = k(t (stem) — yluth | = —k Li (wt) yiut+m] 
Thus, we see that itwt) = -i(wt+r) sthereby verifying Eq. (18-37) 


For a half wave sine je Nae © Les aud Ives = lm. Hence, P= iad oa Ton Re 
4 


roy 
= x TacR, = TF xloxis*F10%) = 0.246 W ; 
(18-23) From Eq.(\3-41) we have: Pe = Z Veen _ Nm. Note that at Vw=0, Pe =O, 
R 2Ri 
and aot Vw = AMee. » Pe=O- Stwce “Pe cannot be negative there exists 
value , (Pe) zee SMe _ aver aeoe Hi 
vt = => MSC e2Vvce L ce = Al A . 
a ) Cl wna x Tw ey) Smits ro F Eq. (\S- 42) 


IS-24) a) P= 3 Veln where Ty x Me Ko 2 Wee’. te 0 oe Sf. 
ie eng Dia til tia A ‘ 
Hence, re 5 Vee =i 400 2 40ow 
b) Fix 2ImVec = 2Mec Vee » We _ 2x400 | 5O.RW 


TRE TX S 
Wawsistor is 4( Pi -P)=4(50.8-40)=5.4N 


(825) a) From Fig. 18-5, we obtain : Tema =—20 wh -| Te4 =-1OmA 
LTemoax = -1:26A ) Tea = -O.75A 


Then , Bs= 5 (Imax-Z2hey) =-1(1.26-1.5) = + 80 mA 
Bi= $ (Imax + Teg) =- 2 (1264075) =-134A - Ds=|B| = so-= 6% +— 


b) P= (\+D7) BRE = (+ 0.0036) (34015 = 13.5 W we 


2 


(18-26) ax) From Fig. 18-5 : Temay= -3O mA , Ipi = -'5 
Lemax = -1-84A , ere er: A 


Then, Bs =-4(1-84-2.2) = 012A ; By=- 2 (1-844 1-)= -\.96A 
“ Ds = srerne ae le 6.1% 
b) P=(1+40.005¢)(1-96)* 25 = 14.4 W 


oe RY ee ae Y= 78-5 Ligon 13) = 78.5 (132) = 71.2% 


Ug= 0.4 sinuwt 
Using Fig. 18-5 we get: 
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a) b) 


In Rg. 18-14 the bases of the two tramsistors are connected together 
so that when Us Increases, the base current of the n-y-n hransistor 


increases while that of the y-n-y transistor daecreases in magnitude. 


The reverse occurs when Us aAecreases. ttence, dhe eAlector currents 
are out of phase by 180° 


or le, (wt) = Vez(wt4+m) . Then, the lead current is tL= de, (wt) - te, (wt) 


Using Eq, (18-6), we have: ie,(wt)= ly +Bo+8, coswt 48, cos2wt +Bacosaut+.-. 
then, terlwt) = Ty +Bo +B, cos(wt+tt) + B2 cos (2wt +271) + Bacos (Swt + Sr) + --- 
=I, + Bo -Bicoswt + Becos2wt - Bs CcosSswt + - 


Hence, iL= 2(Bicoswt + Bscos3utt+...) “~ no even harmonics are 
present in the load. 


(1830) 4) With Vs=0 , al is biased +o operate Class A while 


Q2 and G3 ave biased to operate Class B. Actually, 
Q2 aud @3 are slightly forward- biased ‘oy the drop 
across Ra inorder to avoid crossover distortion. 
Assume that \/s is sinusoidal. Then, the positive Vv. 
eycke of Vs is amplified and inerted by Ql thus E 
furning Q2 off. Q3 operates as an emitter follower ond if %Kcz is negligible 
at the signal frequency , then the voltage across the speaker consists 
of a power- amplified negative cycle of the signal. 

During We negative cycle of Vs , Q3 is turned off and Q2 operates 
os on emitter Lcllower and the cycle of the voltage across the spedkor 


s 


is completed . R, provides negative FB for de stability and Aistortion 
veduction. C2 blocks ac from the speaker. 


b) Assume that Vee=0.6V for all transistors , when Vs=0. then, I= eRe 25 pA 
; Te = I,-T, = —Z@zZ. pA ; Te = hee, lei = 50X202 pA = \O.l mA 
Is = 10-67 4-4 lOmA -: Ip2=-Igs =lO.\-10 = O.1 mA 


20-10.6 
Hence , Ig= Ti+Ier+I3 = 9-2564+01 +10 = 10.356 mA «. Ra= 10356 =MN0SL qe— 


ce) If Razoo, then the impedance seen looking +o the left of the bases of Q2 
aud Q3 is Ro = Roy || Rs where Ro, is given by Eq: (17-53) , namely , 


x 


\9o 


SY NM nl eee ee Rs =39K, RL=R = 0.\Kl}) O.1\kK 
il her i oe Ra Rilihie (\ + hee arate). re 9K, Rs 3\) Ro \\ lk ts 
E27 .gxio ay oe IO (14 SO AE) ESRI One | ten eon Ros 
; 39 + J90%I.1 is : 
aud Ro = 64K Ilo.91k 2390.0 Roz MieztRor 1 50+ 200 _ Z424 : 
d) With Vce(sat) xo MAC) eaten Tar te pene \ ey 2 = Rr 
yms "speaker = (io i (a) = (0.431)°8 i 
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Hence, (Plmay = 1.48 W 8 
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CHAPTER 19 


@-D a ~nergy corresponding to 5393 A is E = sas = Z2MeN from bq. (19-5). 


Maximum energy of electrons leaving cesium is 2-N-1.8 = 0.31 eV 


Hence, Umax * 5.93 x10> (0.31% = 3.3 x10°7 m/sec <j— 


b)No emission from platinum, because 2.11460 eV ye 


C)Enevgy corresponding +o TASA is Ewe 122492 » 16.7 eV 
&) cesium : 16.7-1.8 =14.9 eV 


- Umax = 5.93 KIO (\4-9)2 = 2-29KiI0 m/sec <-— 
ii) platinum ; \6.7-6.0 = 10.7 eV 


Vm = F:IBKIO> WOT? = 1.94 x1? m/sec<-— 
From Eq. (19-5) } Ev. rer’ = 2.25 ce or 2.25 XL onio”? ae 3.on0! ii fi. 


(9-3) the energy of radiation is AOS = \1.6 ei, Hence, the ayylied retarding 
potential to reduce the current to zero is W.6-1-8-0-5=9-3V 


<}—- 
(19-4) the energy of radiation is SS = 4.3% ©Viy,. The energy of the Laschest 


electrons leaving the surface ts 4:88-Ew- These electrons reach the anode 
with ow energy of 4.8¢-Ew-1.00 eV. Hence, an apylied retarding 
potential of this amount will reduce the curvent to <ero. 


Thus , 4:38 -Ew -1.00 +054 = 0 er Ew= 4-42 eV J, eae 
b = I2,400 [2,400 . > A 
re a ae 4:42 »BOOA . 4 


2 =15 
(19-5) Total energy = (10* photons) x (12.422 eV/ p)x(1- exo 9 Vey) = 175 KIO” Ly =7.15x10" W-see 
2537 i oo 
Sensitivity = (6x15 A) ( Coulomb) ( electrons 
Ww 1-6 %10°'9 coulomb 


A-s¢ec 
“. number of emitted electrons = 7.75 X16'? W-Sec X 3-19 x10 Celectrons =29\ electrons 
W-sec 


= B75 210 ~ electrons /yjsec 


Total flux = 20x 4m lumens . Since the area of = sphere is 47R*, then the 
Slux density at a distance of 3 ft from Ane source is J20K4T_ 99927 
lumens/i,2 . the flux intercepted by the photocell is: aE 
(0.9 in?) x (0.0927 lumens/in? ) = 0.0834 lumens. -. I= JI4 BE se x 0.0834 = 1.17 pA 

<--— 


eu 

Multiply the energy distribution eurve of the light source (ata given wavelen h) 
by the spectral response of the photocell (at the same wavelencth). Find 
Ane area under the vesultawt curve. This areq is yroportional +o the total 
photocurrent . Hence, the tube having the largest area under this product 


eurve will yield the maximum current. 


RELA 
(9-8) One possible solution is indicated in the ketch. A capacitor AMPL — 
C , shunted by a normally closed switch 5, is placed insenes ©) Pre (ear 3 
with a photocell and a battery. The switch is opened at the 
start of the exyosure . The voltage across the cayacitor is 
proyorttonal 4o the yroduct of the photo current and time (more yrecisely, 
ho fit). Since the photocurrent is proportional 40 the Rot intensity then, the capa- 
ctor voltage is proportional to the blackening of the senior he = ita ee 
voltage is ayylied Lo An wets eel which drives <a relay. The relay triys a 4 


igh 
\ \ ( \ tne in ut voltage.When che relay closes , the 
Sie 5 Neh TATE oS pela peat phe ‘apparatus is ready for the mext print. 
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=F 


Plate currerit, pA 


0 19 20 30 40 50 60 


light iwhensity, St-candles 
(I9-10) a) For 20V across R=2M, I= lO pA. From Fig-19-6a , IOPA with alate 
voltage of 60V is obtained at jx 108 ft-c. 
b) The minimum tube voltage is 80-SO=30V. From Fig. 19-62 we find 
T= 18.5 WA ot VF COBRA CTS) Fah SA Spmes 5O0/(g.5n0°) = 2.7M Aa 


From Eq, (19-7) , 10° =S8" =3.5" oy C= neg 35 =0.544n “nell stages <+— 


(9-12) From &q.9-7)5. 8 = or 8 = Sloot | then | Gicg S= 7 Oia 


1o 8 


(19-13) ay The maximum height 2Q +n \oj pera: Ree. 
aly Outi oa Suileg  S REY NAN 


Canuct exceed \ em or the electron will strike ' 
the top field plates. From Eqs. (1-58) and (1-93) 
= ASS = = mm = ews — _ <3 
w = eb (2a =O.5em =SKXiO°-™ 
Ba panaixnemes = W.3snKic & or B8=3-36 mWb/,,.2 = 33.6 G ; <-— 
b) the at Ce ermine stow FOI 
») The distance between targets is 2nQ (©) Be Tomdlingeaine 1.436m a= 
19-14) Fr iq. 19-S = Re = 4k = x = 
(9-14) ) From Fig. 19-%¢ , v Arias POT ay 2Ov R,= 4k 
Fov Legs ywe find from Fig. 9-16 thot illumination <9 fHt-c. <qj— 
b) B= Ne = (2017 < joo mW 


Ra 4xi1o03 
=> s 
4) At 100 ft-c. , Ry= 4002 | Thus , I7R, = Fh = 300 mW or T= soon =150x10° 
Or 1=27.4x%1G> A . then Ve = Vep- IR, = 40-27.4x0.4 = 29 V =IRL 


= — 
Wence, Rr cepiarcer Si OF Oesz <— 


PO) injected holes 
¢ 


From Eq. (5-52), Palx)=Yn-Pro™ Pal) @ “4P, this gives the 


toncontration of injected holes in the n-material as iat etnaanctionsnad 

N] u aA 
a function of distance x from the Kalt spot. ie ie sek distance’ 
the diffusion length of holes in the n material. atx=2 — sSrom light source 


the diffusion curvent is: I= —AeDp ARM 24 AeDpPlos¥ip 
ax cae 

thus, T= Qn} Aedp Palo) | wrens 

a Ly 


L 
: slope So iv Similarly Gor the p- side. 


rc 
vA S 


Photocurrent 


20 
Light intensity , lumen /ft* 
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(9-11) a) At switching , Nee Veex\2%8 = 0.6496=102V «. Vp = 20-10.2= 9.8V <+-— 


b) Current through diode= VR +1, = (2S +42 )wA= 216 yA 


From Fig. \9-23 at Vp=9.av and Ip=216 PA, illumination =400 ft-c. ee 

t) From the intersection of the L.L. and khe soo St-c. curve wm Fig. \9-23 
we obtain: Tp=190 PA ,Vy=l2V -. NR =BV = 0.6+ 81 
or T= uf = 0.925 w§A 


7 
Since the base current is 925 29.25 HA and Ipe 90 pA, the 
assumption thot the tromsistor' "does not \oad the Sok rvesistor 
is justified. 
(9-18) a) From Fig. \q-25' ) AT =(0.6-0.5\mA= O.\ mA : 
Since the eurrent flows through R= O.7SHMISklEzkIllk = 4300 , then 
AV; = Vi = 430K0.1K16% = 43 mV 
b) Ay= Ar Re = -25 48 =-100  -. AVo= 100% ds xid*= 4.3V ie 
A 
F pw i 
GH) a Re P (yw) x0 
Te EO ae 
ss 
| 34k | o10 | 034 | 34 | 3 
‘ BK 34k 1OkK 
b) The optimum value of RL=3.4k 


This may be veri tied by plotting on Fig. 19-24 the hyperbola: 
TV = 34 pW. Wis hyperbola iwlersects the 13223 choracteristic at 


one point . “maximum ywower is generated ot one point only . 
CHAPTER 20 
ATS ES bs Nov2- ‘y 
20-1) ay ee eas: Edhar yeaa 152.5 mA <I 
b) Tac = Se = 152-5 = 48.5 mA $— 
T wT <-— 
ce) Tvs = 114 = 1(152.5) = 76.2 mA 

2 ye 

d) Nao = > Jae Svea. 5%) oi— 48.5 V ye 
2) Fi = nme (Rp +Ri) = (76.2xX10 5)? (1020) = F8OOXIO “K 1020 = 7.92 W aaa 


fy x% Regulation = Now = Vet (100%) = Nei = Tae Re (100%) = 49.5 = 98.5 = 2.06% 
FL 


Tac Re 48-5 
2 
We have . tare ce = aa ; For maxP,. set Blac 0 or 
Vw (Ret Rey 2 {Rea RIRe) ahd By Bat Re+RL=2R ; oe 
TH | (Ry +R Saves Toe gure VS at GER 


. oy e 
@0-3)a) From Eqs. (20-6) , (20-10) & (20-12), we obtain: n= Pee xioom% = tae Rixtoo% 
zu Pe Tyms (Ric + FL) 


eT oak \C ot SOO M a Woes gee 0/ 
i Lael 1+ Re/R, an 1+ Re/R, 1+ Re/ Re 2 
_ (Tac \t_ 100% _(2Iw/m\_100% _ a2 9% ged 
Braet e071 12079) i ig an TH+ RE/ Re ae AR RL 1+ Re/Re 
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ite V 
@0-4) Consider A half-wave rectifier : Vaw= 4 aos Ver= mee eer 
, Ve - Vew (Nma/n) (1 — BOE RE) 
of R ee NESE le a Tt Rut hiptncc AOE 
%o egulation Vik x 100% TR —— X¥\OO% = Bek 100% 
For a full-wave rectifier, Vay aud Ver are doubled. Hence , the regulation 
yemoitns the same as above. 


- “1 as = —2VNm _ _2%280V2_ _ 
(20-5) x) From Eas. (20-17) & (20-18), Ta 2lu/n = RRR, ~ Wl2500) \Ol mA <q— 
Site aes = Gna. : 


c) The voltage +o center tay is impressed across Ry in 
series with Ri. Hence, the voltage across the conducting 
tube is sinuscidal with a peak value oa =O. 2 Veen: 
During mon- conduction of Vi we see by traversing the 
outside path of the circuit sketched that Vyx2-2U- Ua 
Since V2 is now conduching ,its peak value is O.2Vw. and 
hak of Vv, is —ZVm+0-2Va, = —1:3Vm. Thus, the voltage 


UV, across Vi is as shown, and its ac value is: 


T rAiy 
ks \ Che tae 2 eee. = 
oS ok a a AY asi a — Nw» z 
Newsies J (© ZV) SINK AK ert 1-BVm) sina aa = Le | (0.29% (1.8)7] 


Hence, Vrms = 0-905 Vm = 0.905x2K0V2 = 358 V ete 
d) Ve G Tack = (0.101)* (2000e) = 20.4 W — 
e) From Prob. 20-4, % vequiation = RE x100% = 30S. (100% = 25% 45 


the load and the transformer cannot be interchan 


A 
ed. 
If they were, the circuit shown would result. Note bie Kae ale 
if A is positive with respect to Ball diodes will be we ( 
8 


veverse—biased. If B is positive with respect to A, then 
all four diodes conduct, thus short- circuiting the transformer. 


@o-7) From Eqs. (20-17) & (20-18) , Tac = 23= = 2 We = 2 wens aro 
+t 
Hence, Veasrene FOV ice = 5.56V Ri 


2V2 


Assume negligible voltage drop across each conducting diode. Then, C, 


charges to Vi. , the peak transformer voltage, through Bi. On the inverse 
eycle, the voltage across D) is VitVm =ZVm with the anode negative, This 
is the peak inwerse voltage of Di. During the iwerse cucle , D2 conducts 
and Cz is charged +o the peak value of 2Vw , which shows that Ais 
wrcuit is a doubler at no load. 

a) From the above: Ci —~ Vm , C2 ~~ 2Vm “ie 
b) Di ~2Vm . When D\ is conducting its drop is zero. Hence, the PIV across 

D2 is the peak voltage of C2 or 2Vw. 


oe 
In the bridge doubler of Fig. 20-6, the yeak voltage of each capacitor is 
2Vm. The PIV across each Aiode is also 2ZVw. The regulation of the 

etrcurt of Fig.20-6 should be better , because the \oad is across the wo 
capacitors in series. 

If the cathode and anode leads ef each diode are interchanged 
then the divection of current flow is reversed . Hence, the capacitors 
charge with the opposite polarities and the output becomes positive 
with respect to ground. 
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2 Ven ZV . ZN 

0-9) 4) If Ais positive with respect to B, Ae 3 ak 
DI conducts and C, charges with 
the polarity shown tothe transformer 
peak value Va. When A is negative 
with respect to B, then Di is back- ? 
biased by a PIV 2Vm. This yolarity is such as to forward-bias D2, charging 
C2 to 2Vm as shown. j 
When A is again posilive wrt B, DI conducts and Cz is put tn yvarallel wrth 
D2. Hence, the PIV across D2 is the voltage across C2 or 2Vm. this polarity 
is euch as to cause D3 to conduct, charging C3 +o 2Vm as shown. When 
A is negative wrt B, D2 conducts and Cz is yt in Rrarallel with D3. Hence, 
D3 is back-biased by 2Vm. 


b) From the analysis above we conclude that the peak voltage across Ci is 

Vm while the peak voltage across all other capacitors is 2Vm the PIV 
across each cliiode ts 2Vm. 

0) Add diodes and capacitors as indicated by *the Aashed circuit above. 
the outyuts from the anodes of D2, D4, D6 dtc and ground ave 2m, 4Vin 
6V. ete or n-Scld multiplication with n €ven. 

ATE point A is grounded (instead of B), then the outputs Srom the anodes 
of DI ,D3 , DS ete are Vw, BVm ,5Vm etc or mn-fold multi plication with 
m odd. 


B =  2Vm 2Vm 2Vim 


From the circuit shown, we see that when A is positive 
wrt B, DZ conducts whereas swhen Bis positive wrt A 
D2’ conducts. Hence, whatever happens in the voltage 
doubler consisting of D\ aud D2, haypens one-half a 
eycle later in the voltage doubler consisting of DEDz. 
Thus, C2 receives its charge during one half cycle , and 
Cy during the next half cycle. Hence, this is a full-wave circuit aud dhe 
output across C2 and C2 ts series is 4Vn. 


@o-tl) a) Lat +Ri =Vesinwt . The steady state sdution is Y= sin(wt-y) where 


Pa a Re 
Z = (Rew JZ and tanp= wl/R_. The Pe eet a Aina hie 


thus, the total solution is i= Ym sin(wt-v) +Ae A the initial condition 


is @ +=O0 ys t= Ove Se A= Vw sin 
: V , € -Rit/-i F 
Hevuce, t= | sin (ost -yyt+e sin 
J Ri+ wt (Ri /wL) wt, 
b) At t=4, j= 2 he: sin(wt,-) + 2 siny = © Uh) 
het wli-w=e Xx and ol/R =X. Then, (Ri /wL)wt. = x (Aap) ond eqn (I) 
Detames: Ssinwo eee = siny . This lranscendertal equ. is solved 


graphically by finding the intersection 
of the sine curve and of the exponential. 
e.g. for x= WL =F stand , =78-7°=1 57] rad. 
° R ‘ -O0.2M% - 1.37 
Sint = 0.92! aud -sinn=e es (0981) 
=0.7466°7% We Sind a=201.6° and 
wt, = «+ = 201.6°+78.7° = 280° in agreement 
with Fig.20-3. 
: ~o.2wt 
¢) For wl/p, =5, 'Re /V/,,, = 9-196) Sin(wt -78.7°) +e (oa) | 
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(Cont’d) Let us check the point vwt=T rad =\80°. 


LRL/V,.,= 0-196] sintior.3°) + € 9°78 (9.481) J] = 0.196 (0.9814+0-523) =0.295 


the value in Fig. 20-8 at wt=T is 032 or about 10% higher (mdicating 
thot the plot was not drawn very accurately) . 


(20-12) a) With the voltage polarity indicated Bi conducts. the 


Di 
voltage across D2 is ZU wthe reverse-biased direction. a ain 
Hence, only Di conducts. Nhen the polarity reverses, only ea 
D2 conducts. We will show now that it is impossible to have 


eutout (as with a capacitor filter); that is ,we will show thot the current 
Rannct remain tero for a finite leuath of Hme. If t=o and St=o, xhen the 
voltage ocross R andl , iR+btadt <0. Hence, vu appears across Di in such 
a direction that DI must conduc. (Tt is possible for i=o lout at #0.) 
b) v= Lat +tR=Vmsinwt . The steady state solution is Vm sinlwt-@) where 
> A (atau lye aud tang =wl/p . the transient solution is Ae * S/- the Lobal 
Bs ‘ —AR/ 
solution is: is Yu sin(wt-q) + Aekt/e . Ye sin (H%- 4G) + Ae wl shere o=we 
-. Az ZV¥m _ Si 
Zz GV-etWwt) 


Since ilo) = \(tr) ) —Yersing +A = Ye sin (n-q) + Aa Vor 


sRty 
“be Nowlin 2 _2sing 2h 
Hence , . = Sige ¢) + a tet) | 
: TT 
Tacs 4 {lider = EL ( Ye sin(a- qr das fae de] 


Ss Xe [cosq—cos(n-q)] + A wk (\-e RT/wt) 


nm rR 

= 2Vm 2Ve _isin wala!) (yD Sek wEY Ss "aN , 

* Fe cos + [Zim Tan wears) | ) = Det (wosq+singtong) 

= ZVm ( cosg + sin’g a 2VNm Cos'G +sin?@ et ZV since Zcos ¢ = R <j 
FS cos TE COSy mR 


d) Fourter series may be written in the form: i= Bo* Z_ Bu Cosket + Z Axsinkor 
el cay 
Siuce the currerit repeats ibsel€ every a=, then Biz 2 Lease du 


is ‘ A °o 
ond A2= = (_isinzn Aon. het Dr = 4 (B2-jAz2) = & re ay ec: 
= w. —j2 ry — he ren 
or Dr= * J ie? An ab | sin (X-@)4 Ae wot] oo Aw 


J(K=G)_ Sile=q =—\2 wv Re: 


manipulation , this integrates to : D, =-2 ei 


oT —_— —— 


3K VR +(2wt)* 
Thus. Bo=- + Ver cos Lyon Benes 
acy 37 Vesa ord Ar= tye se 
Henee, the first term inthe Fourier series is 
B.tos2u% + Azsin2« = -4 Vw \ 


~~ SinZo% Si 
rT Gower (cos2x Cosy + SinZu Sinih) 
--4Vm cos (Zwt-) 

= hens - ’ zd pale 1\y2 ey 2X 

O,4 Oe ( (U, ) a +f (V2) do] where VU,= = ( <x) 


where Lantp= ane 


al eee ae »- This checks with Eq. (20-25) 
ieee = 
a Os Oy 2 oO 2 
Consider the Srst integral . ‘. (ui Pan =\r \. (49, - 4% 41) dow 
= Malas ~ A024 o«|" — Ve (4-241) = 
4 Zar 2a, ° 4 3 a5 8 
z 


similarity , the second iwtegral is ve S 


2 z / S V 
Hence, (Vim) = sty, (YE) (des) = (YEN) and Wms =—3ig 


| 
ef} X,—-+—_ ax,——1 


x . Because of 


PY) 


Eq.Go- 41) 
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20-14) ay From Eq, (20-35) » Wt=KaeT-Y = \80~- tam! (377 ¥ 250x40x10° ) = (40-75% 105 
b) From Eq. (20-33) , t= Va Jur? + ZRE sin(wt-1p)= = 352) (377 x40x15 SP 4(Ea)* sin (0479) 


OY L= 772 sin(%+75°) mA +, Diode conducting : Vo= ae 35N2 Sina = 49.5sinx 


Diode Non-conaduc ti ng : Eq. (20-38) , Voz AS. SsinloS° o- Ae =418 6 ae) 
From the ylat of these eqns. we find eut-in at 36° <= 


The peak current is 772 sin(36°+15°) = 720 mA Se 


an =U Ry 7 7 K ? =) ~_ ty \ - L6G ar oe cut in and = TT v 93. 


Seo L) + USA)" ]* sin(a4 86.2") = 2.98 sin(«+ 26.22) 
Diode conducting. vo= 49.5 sinc ; Diode nonconducting : Vs: 49.5e eae 


From a ylot of these eq’ns. we Lind eut-in at 238° o- 234°%120% 58° qe 
then, the yeak current is 2.9% sin(5¢°+%6-2°) = 1.75A 


i 


part tb) 


Ph fc 0) Id Hl as eld Se 
Wb et ty tat te 
7 mk 


40 


20 


Fila Ae 
Ree eo ae ba 


cut-in=36° — cut-out= 105° Ae 58° Meueicatt 93.¥° 


Qo-15) tf the input to the circuit ef Fig. 20-15 is V, then, the output v' is equal 
to the short-civeuit current V/jXL divided by +he mae ii aye of the output, Ov 


Oates an J _ V ees ba a Vrms 
(ea Vix + M/xet VR, 1~%t/x, + jXt/R, > ee oie [(Xt/r, b+ (%/xe-1)*]2 
From Eq. (20-45) , ee aaa . Since Vac=2Vm/tr , then Ye pa 
or y= 2Y2Vm ipa yb Sian Te QED 
sree) RE SR 2 OV (KL Re (KK 1) 
V2/3 \ eS 
If Xi>>X%_e and Ri-X%e then rx me Bike) ... Eq. (20- 49) 
jlo: 
0-1) This ism capacitor inyut filter Eollowed by an 4 if load. 


The de output voltage is thus, given by Eq. (20-44) less te # 
the IR drop across the inductor. 


oY Vale = = boa ee —-TaR =Vw- Tac (R+ 
the resistance of the inductor. 


b) By Eq. (20-538) , the ripple voltage across C is Vi =ViTacXe . this is 


Yeduced by the ratio Ri/x, (assumi ug that XL»R) at the output. Hence, 
y= V2Tac Xe Re = yg Xe Ke iva as . Thus ) the ripple Now {is 3 times as 
ae) Fh aay Re kes 


great as for an L-section cee ; see Eq. (20-49) . The output voltage 
is higher, but the regulation is worse than Anat of an L-section ter. 


Te) where R is 


16| 


0-17) gy) From Eq. (20-56), LC= reee-amly* Oe ge _(4110)* = 3.0271 <}-— 


A0x6 Te) 
b) Taking the 502 te be the transformer and waesaatee resistance , we 
have» Voge = 2¥e —TaR = (2V2M40)_ 0.1x50= 36-5 = 31 V —— 
Ww 
Vrms 
(20-13) Sing}e- -section ripple voltage eV weNvses (Xe) = = Vems 


(2w C)zwl) Aw? LC 
If each choke has an inductance be and ae cayacitoy a capacitance Co, 


on ve Vims 


l6wtlLoCo z ( 2 V 
Two-section _vivyle voltage NES Vems SE)" = Ves (1...) SA he \ s STAR Tc 
or V2 = xe . Hence, if wLlL.Co>! , use a 4two-section Filter. 


(20-9) a)We must show first that eutout does not take place. Vue ~ Wes 2 Ne a= 36N 
but Vac= Ja. =02R.=36 «©. Ri=1BO O . From fq. (20-53), Le= FR = 180. 
=O1GH . Since L=2H > O16GH , then there is no cutout. 

The iwput voltage to the filter i= U= 2Niwn (1-2 cosust - 2 cos Aut +. a) 


The 120-He ripple volhage is Vao= (sve) (Xs <\= ous Ball i | 
T 4 
40 = 0.0935V = 93.5 may 


= 31 (iz0)2 x4 XSOxIG © , ve ay ao 

; 2 Yms ~ 
b) For a two-sechon Kiltev, Vine™ Syz (SY = CarPC ~ SP Uea Ie ANooo) 
or Vo = 0.00825V = 3.25 mV Pra. 


c) For f= Z240H2, age eee pha both inductors aud salar 
"= 4Nm CVs vente = 
Veo = eave Ce)” See Saray | tage ‘ste ae 


V51Vz S Xe 
that in part @), or Vigo © S33 = 4.67 wV % Me 
20-20) or) Vae = 2Nve ~TaeR where R= Z004100+400=7002 ard Ta= Vee 
= 
ov Vae = 2NZ Vrms - Vac(R) = Vae= 22 (S75) /(1.35) = 250V ee 
Tr L 
Since Atle = 4x(s77)" 40" = 225 >>! , we may use Eq. (20-28) . 
a KE net (eos : J 
i ed wh = 3N2 Cares pies ve : Mies 
b) From Eq. (20-44) , Vac= Vm ae = Vn ARC Yalta AON Ati 
v Vag = ees =. 93s, SOON << 
ae /(ax60%2.000%32) 1.065 rae 
Sis Wie \erieealeasae , One ad ORNS > Won Sea aE j= 
From Eq. (20°95)... = “as epic © (AvaTibol(2neyGs) 
c) As in part a , Vae = 250V ta 
From €q. (20-50), r= O83 = O83 == 65x10.” <-—- 
Eo 40%32 
A) Vacs Zz50Vv Ya above. ey ye 
y tN 9 pel Ove aie =“ 5? 
rows ca vee 2) ke tH [ low * x 3400x20%16]* a hale i 
e\From Table 20-1, Vacs Vm— 4!170 Vdc ~7o0Vde oy ae «o Na he 
aie re SoS On OSs 
Ov Nac = 360V = Zo00K!6 2000 
» , 330° Ye ar 
From kq., (20-60), Gr taagaworiocde mae” iS. 
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. ww 
20-21) Using Arguimbau’s method . The fundamental current is Vals L cosa do 
The current is zero al everywher J © Z 
“3m t almost ‘ e except near x=O where cosa =| 
“NZETC Ll idea ie ic or I ¢V2 Tae 


The uyper limit Jo the fundamental vipple voltage is W'2 UX eV2 Tac Xe 


this is the voltage across the Sirst capacitor . 


Pie Mews 1 V'! 7% x TacXe _ yo (Xc\(Keu 
y= = C d C re 
Vac Va Au zy St —“ = 2 (Xe\\ st) where —\\ Yeactan es a 


dc X Xr Vde 
calculated at the T havtckciu cuore" 
Using Table 204 , Vac=Vm— AiStac — Tac = 30002 — Fog Gh) a gd 


or Vac = 4159-52-10 = 393 V 
ppc wey fey. mie sed Lie 


— — 


peo = Nac = 0.515 V <-— 
C¢, bk, RR. 4X4 X20 %353 


L,R 
@0-23) y=525-Aosin754t be Lae. se O-MR O25 bcs 250-0 7) d= — | 3 2 aie 
\ \ = 40. Xe = 49 eet 2" =U. 10) Ove 
The ripple press is) TNdc = ig eh BRETT We 0.001%400 { aD 
" = 429. — = <j} — 

he Va (75a)* X10 7 X05 ie 


Refer 4o Table 20-1. Vere? xZ00 = 424 V 


Beez. AZ AZ4 eee ete Se A24 V <a 
Br 7 Ot, OAS SS 2a es eee a. aOR N <-— 
o| : const. p “CZ centres @ S ssepecr,, ; c4 : From O current +o the 


erikical value of current r increases. Beyond this value vr ts constant. 
da) 2Vw=843V for all cases 


DiI 
A 
If the transformer, Aiode and coil . 
vesistances are nedligible , thou : : 
Vide = 2 Nw = 2ME(b0)> SAV +> 


Voac & Vu. =Jz x60 = BSV Aja 


@0-26) Diodes D\ and D2 (next to the transformer) form a Lull-wave rectifier 
feeding he load connected at B with Vac =42¥2 (A0)=436V (neglecting 
aT eee 
any sertes vesistauces), under load. 
All four dvodes form a full- wave bridge feeding the load at A through 
the entive secondary winding (2Vm). Hence, the voltage at A is 


twice that found above ems + 72.V | wxwcer load. eae 


The toy two Wiese Mconei ute Ge bulltwavourectilner Seeding an t-section 
filter. Thus, Khe dc voltage at A under \oud is + 2V2 *350 = 4+3\GV +— 
the lower two tubes OMe CUres (ot voltage Acoubler ihe type analuxed 


in Prob. 20-3 . Hence the voltage output at B ts —~2Nw, = -2V2 ¥350=-990V 
provided Shat tne \oad conneched there ts liqnt. <}-— 
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0-23) 4) At A : at no load , Vac= —-Vm= —30V2 =-42.4V += 
At Beto dist gas » , Vae=et Vw = + 42-4 V <<— 

b) For all diodes , PIV = ZV = 84.4V <-— 

c) acl es ie en ee a <-— 


d) Note at B we have a capacitor filter Led by a half-wave rectifier. 
Refer to Fig: 20-14 aud Sec. 20-8. For the case of a HW rechi forthe 
non-conauction dime is, Toe = a T Vac . Frow tq. (20-42a) , we have: 


Nez aad a Tac Z(\+ >) Miliove. cle zs : Then, Srow EQ. (20-40) , 


— Tac/4te 
2h NP eye <o Ve Vdc fs Vw = t8e/ ASC Tacz Z2OmwA 
Vac Nox ae = Nias cee Yes ov wise ‘er Tac /ACCV ) c 
Thus, Tac/4fc = 9.02x10° L164 ede ee Oe 


4X 6OXx8 ) | + 10.4/42.4 


2029) Refer to Fig. 20-20 “ Since. R>>Yo and R >> Re ) then the circuit behaves 
ayyroxi mately yas if ro=O and RIIRZx=Re. By Ea. (12-35), Roe Rz +hie 


It hge 
With Rove, Vg = Ke AV. . Since the circuit is an emitter Lollower , 
thew’, .GVAee AV swab sake Ave R 

~ att = QVo = Ni LF Ge. ue 
< Aver Greene de ROT 
Q0-30 From Vig. 20-227 Ge ee Re ate 2 hehe ) 
: Mee aRes  RIRSER ne 
and be. = hge ten = lL R2z Ve = E a ) 
os WY Rs aS ae SL Ss ea Ws (20-73 
RA Re (RilIRa) + hie, +(+hye.)Rz fe a. ; 
From Eq.(20-71) , U=Rsic, = Ra hse, Uo 
Rit Re (RillRz)+hie, +(\4h¢e,) Re 
Hence, Sy= Ye = Rite (Rill) thier + (4hees) Re Eq. (20-74) 


Vi R2 hsez Rs; 


Frou tho approximate small-signal equivalent 


Urcuit shown, we have: 
Ve V4 Ry -Tehier 0), Vee (Is-hede) @ 


I, = -Ty,- Gwe (3) ) Tis - vere (4) 
Substituting @) who B) : Ts Dicey (Ss) 
\ 

Subst. 6) 3 @ into @ Vi= ve ( I Gam Wis nee J (6) 

\ ‘ ante \+hee Lh 

. 6) 3 SY inte W 1. V=EKH “Ge Vie hten i has, —— hi 
Subst. ( U ° Gee. GQuv + hge hee) + FR aint GuV) + aye 

I 
oy V\i4 map eo a +hier+ thee) ve | = Tare, Rs thien) + ‘va 
3 \e@\ 
R= M = Yet thee Hence, RO=Rii(erra) ~ R  .. . Eq.(20-75) 

Ee 1 | + Gu (Rat+¥o) ; ) » 


20°92) a Let I~Te, =10mA aud IpzlOmA so that Iz=ZowA , Then, we have. 


R= VorVe = [2-6 . = deez = 1OXIS*_ SOPA . Let Ip,4T,=10 
. Ip 1ox10"® Corian nee NEEz zoo Ly Wo a 


Then, V2 = Veer + Ve = 0-646 = 6-6V , aud R= V. o-Nz = \2-66 2 540 D — 


T oxi > 


}64 


a ee ice . - 


@0-32 (Cord) R= NE = &:6¥ 


- &6Y = 660.0 
pie 2 dile -J220 bt) 4 
e ZOO. punt 


1,2 Tert Ico = L410 HV wA 


oes ME WeetVo)_ 30-12.6 


' W.lxig 
ee os 
b) From Eq. (20-74), Sy = TO+b6e (S4olle60) + Ik+ Zor(10N) _ | g> 2I7+100042010 
: 660 200% |.57K 314000 
i) 
oO Sv= 1.82%3397 ~ o.0192 


314,000 


— 
ro) Ro \s iven b ( 200X660 \ 
. 20- s ee 
. Deel Eq 75) where Gu page cone mt) Snead 
uy + Kx) — g-+ 25.5 a0 625 2 
| + 0.0333 (1578) Says ie aia ie 


Oo) Since tn, —Ier_ 


Fer Nees » ther I, _ Test Ta and Ras Ni ~ Wee +Vee3+Vo) 


a 
Thus, with the Darlington pair it is possible to use a larger value for 
F3 which leads to a reduction in Sv (see Eq. 20-74) 
: Ry4 Vi . 
b) From Eq. (20-75), Rox ve + Rathi Rete With the Darlington pair, 
a9 : 1+ Gul FR +¥o) 
ithe Wee hero, and ait = hies (4+ hges) ~ hievhtes 
+ 1e1 
tence, Ry ~ vet “*hrences QED 
\+ GwlRst Yo) 


@034) a) From Prob. 20-32, R= 5402. , R2= 6602 , Tgal-tmA. then Igyx th mA 


or Ie, = 5.5 A > la=Tler=IOwA and K = uray = \.74K 


\om 

Bey] ee ss0? _ 0.0173 
200xI74aO0 Haas 
ee 84 esos 


rays O53 
| + 0.0333 (1748) 


1458-2 


= 0.304 $2 


Q0-35) 4) Instead of connecting Ry to the collector of Ql, where the voltage 
varies with load, BR; is connected fo a voltage (Vo4+ Vex) which is 
essentially Constant. Ry serves te bias Z2 ayproyriotely. Thus, Q\ 
has a mnear|y constant bias suyyly and a minimum value Lor R35 
“mou mot have to be calculated. 


b) Tf AV; >> AVo then the input variation is multiplied toy 


zz \elove 
ayrearing ot the inyut side of Ry. Rez 


+R 
Hence, Sy = kez. Rite (MUR) +hies +(hter) Ree 
ReztKqa Re hyez Ra 
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(20-36) =o) 


b) 
7 ? “ 


@0-3) gy Qne possibility is to flip the circuit ef Prob. 20-36a over ,s0 
that the +terminals become the ground. | 
b) TE in the civcutt of Prob. 20-3 Ca ,we substitube +he er-~ transistors 
ies N-p-n , ¥YENCYSe the Zener diode and the polarity of the 
apy ied voltage 


,we obtain a vegquiated power supyly which wes 
n-p-n trams. rs and yrovides negative voltage. 
c\ Flip the circuit of Prob. 20-366 cuer. 


From +he equivalent circuit we have. 
lo= Ve- PWaki 


where Ug: =ArbUs. ~ 
Ypi+Yo 
or iot Vo(1+ WW Azb) x Ve MAzb ie pi Arb’ SS | 
Ypi+VYo Ypi+Vo 


Using tq. (20-7 &) ) We have 6 ae a =~ eats aa a Dy (Yt Yo) ye - (20-79) 
o r) 2 
From Fig. 20-26 | Ugx,=—-A, bU,- Us = - (1+ Aeb) Us 


% PB Ww ea Ki, 
where Ar is the magnitude of the gain of \2. 


. R 
. Vi 
From the equivalent circuit shown , we have: 
p= Vit MigxiUs Ui — Mio U4 Azb)-Vo 
YpitYo YpixYo 


where voz=tRi = are \ vi —Vo V4 hit pr Azb) | 
Re ES . 
or Vo\\ ee Pit bArb) | = v 


v o =. pedo) = \ YoN ) \ A bb 
pe 5 oe Ov i; /{tet 4) Yoo 2 ) 
20-40 From tre equivalent cy cuit shown » We: have: 


Yo P, Y, - Wok 


Ki 


Vo= Pilgns+lo(Yp+re) -Tf Rs is connected to the 
plate of VI instead of the cathode , then when ve 


is ayplied to the output, G, drops by AzbVe. Because of ic, the plate 
of VI (or Gi) vises by ior. ez = Loo ¥ where X= wee 

; Yp2t+R3 
Thus, Vek, = loYox — AzbUc 


Yp2+Rs 
and Ve Wy (Lovey —AzbvUe) + Lol¥pi+V¥o) [o) ¢ Vo(\ ta M.Azb) = \Yprt¥e (1+ Mix) | Lo 
= Vo ~ Yo +Vo(lt oxy x Yer tVoUeMes) ~ Yor 4 vo (4) 
DNC Seas Me ake Hine B yy Aa Az (Mi Azb) 
Let Sy= I4+¥ 


. Since Wy is usually small and wAzb is very large 
1Azb 
then, Svx \/piAzb and Ro =(pitvo)Sv . SED 


—$_—=a« THE END — Nev 
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